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RACK GROUND OF THE INVENTION 

1 . Field of the Invention 

A method for coordinate expression in a single cell, in 
vivo , of exogenous genes via introduction into the tissue of a vertebrate 
of polycistronic polynucleotide constructs is described. The method 
results in production of immune responses against the products 
produced as a result of expression of the exogenous genes. The method 
and polynucleotide constructs of this invention may be used in a 
vertebrate to generate immune responses against antigenic epitopes 
expressed by a single cell. The coordinate expression results in 
improved expression of gene products which may be otherwise poorly 
expressed. It also results in improved cellular immune responses due to 
provision of T-cell stimulatory signals by the same cell expressing T- 
cell antigens. Polynucleotide constructs encoding human 
immunodeficiency virus (HTV) antigens exemplify one embodiment of 
the method. 

2. Background of the Invention 

A major challenge to the development of vaccines against 
viruses, particularly viruses with a high rate of mutation such as HJV, 
against which elicitation of neutralizing and protective immune 
responses is desirable, is the diversity of the viral envelope proteins 
among different viral isolates or strains. Because cytotoxic T- 
lymphocytes (CTLs) in both mice and humans are capable of 
recognizing epitopes derived from conserved internal viral proteins and 
may be important in the immune response against viruses, efforts have 
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been directed towards the development of CTL vaccines that elicit 
heterologous protection against different viral strains. 

CD8+ CTLs kill virally-infected cells when their T cell 
receptors recognize viral peptides associated with MHC class I 
molecules. These peptides are derived from endogenously synthesized 
viral proteins. Thus, by recognition of epitopes from conserved viral 
proteins, CTLs may provide cross-strain protection. Peptides capable 
of associating with MHC class I for CTL recognition originate from 
proteins that are present in or pass through the cytoplasm or 
endoplasmic reticulum. Exogenous proteins which enter the endosomal 
processing pathway (as in the case of antigens presented by MHC class II 
molecules) are not usually effective in generating CD8+ CTL responses. 

Efforts to generate CTL responses have used replicating 
vectors to produce the protein antigen within the cell or have introduced 
peptides into the cytosol. These approaches have limitations that may 
limit their utility as vaccines. Retroviral vectors have restrictions on 
the size and structure of polypeptides that can be expressed as fusion 
proteins while maintaining the ability of the recombinant virus to 
replicate. Further, the effectiveness of vectors such as vaccinia for 
subsequent immunizations may be compromised by immune responses 
against the vectors themselves. Also, viral vectors and modified 
pathogens have inherent risks that may hinder their use in humans [R.R. 
Redfield et aL, New Engl. J. Med. 316, 673 (1987); L. Mascola et aL, 
Arch. Intern. Med. 149, 1569 (1989)]. Furthermore, the selection of 
peptide epitopes to be presented is dependent upon the structure of an 
individual's MHC antigens; thus, peptide vaccines may have limited 
effectiveness due to the diversity of MHC haplotypes in outbred 
populations. 

Benvenisty, N., and Reshef, L. [PNAS 83, 9551-9555, 
(1986)] showed that CaCl2-precipitated DNA introduced into mice 
intraperitoneal^ (i.p.), intravenously (i.v.) or intramuscularly (i.m.) 
could be expressed. Intramuscular injection of DNA expression vectors 
in mice results in the uptake of DNA by the muscle cells and expression 
of the protein encoded by the DNA [J.A. Wolff et aL, Science 247, 
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1465 (1990); G. Ascadi et al. Nature 352, 815 (1991)]. The plasmids 
were maintained episomally and did not replicate. Subsequently, 
persistent expression has been observed after i.m. injection in skeletal 
muscle of rats, fish and primates, and cardiac muscle of rats. The 
technique of using nucleic acids as therapeutic agents was reported in 
WO90/1 1092 (4 October 1990), in which naked polynucleotides were 
used to vaccinate vertebrates. 

It is not necessary for the success of the method that 
immunization be intramuscular. Thus, Tang et al., [Nature, 356, 152- 
154 (1992)] disclosed that introduction of gold microprojectiles coated 
with DNA encoding bovine growth hormone (BGH) into the skin of 
mice resulted in production of anti-BGH antibodies in the mice. Furth 
et al., [Anal. Biochem. 205, 365-368, (1992)] showed that a jet injector 
could be used to transfect skin, muscle, fat, and mammary tissues of 
living animals. Methods for introducing nucleic acids was recently 
reviewed by Friedman, T., [Science, 244, 1275-1281 (1989)]. 
Robinson et al., [Abstracts of Papers Presented at the 1992 meeting on 
Modern Approaches to New Vaccines, Including Prevention of AIDS, 
Cold Spring Harbor, p92] reported that i.m., i.p., and i.v. 
administration of avian influenza DNA into chickens provided 
protection against lethal challenge. However, Robinson et al. did not 
disclose which avian influenza virus genes were used. In addition, only 
H7 specific immune responses were alleged; the induction of cross- 
strain protection was not discussed. Intravenous injection of a 
DNArcationic liposome complex in mice was shown by Zhu et al., 
[Science 261:209-21 1 (9 July 1993); see also WO93/24640, 9 Dec. 1993] 
to result in systemic expression of a cloned transgene. Recently, Ulmer 
et al., [Science 259:1745-1749, (1993)] reported on the heterologous 
protection against influenza virus infection by injection of DNA 
encoding influenza virus proteins. 

The need for specific therapeutic and prophylactic agents 
capable of eliciting desired immune responses against pathogens and 
tumor antigens is achieved by the instant invention. Of particular 
importance in this therapeutic approach is the ability to induce T-cell 
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immune responses which can prevent infections or disease caused by 
virus strains which are heterologous to the strain from which the 
antigen gene was obtained. This is of significance with HIV, since HIV 
mutates rapidly, and because many virulent isolates have been identified 
[see, for example, LaRosa et al., Science 249:932-935 (1990), 
identifying 245 separate HIV isolates]. 

In response to this diversity, researchers have attempted to 
generate CTLs by peptide immunization. Thus, Takahashi et al., 
[Science 255:333-336 (1992)] reported on the induction of broadly 
cross-reactive cytotoxic T cells recognizing an HIV envelope (gpl60) 
determinant. They recognized the difficulty in achieving a truly cross- 
reactive CTL response and suggested that there is a dichotomy between 
the priming or restimulation of T cells, which is very stringent, and the 
elicitation of effector function, including cytotoxicity, from already 
stimulated CTLs. 

Wang et al., [P.N.A.S. USA 90:4156-4160 (May, 1993)] 
reported on elicitation of immune responses in mice against HIV by 
intramuscular inoculation with a cloned, genomic (unspliced) HIV 
gene. The level of immune response achieved was low, and the system 
utilized portions of the mouse mammary tumor virus (MMTV) long 
terminal repeat (LTR) promoter and portions of the simian virus 40 
(SV40) promoter and terminator. SV40 is known to transform cells, 
possibly through integration into host cellular DNA. Therefore, unlike 
the system described herein, the system described by Wang et al. may be 
inappropriate for administration to humans. In addition, the DNA 
construct of Wang et al. contains an essentially genomic piece of HIV 
encoding contiguous Tat/REV -gp 1 60-Tat/REV coding sequences 
(Figure 1). As is described in detail below, this is a suboptimal system 
for obtaining high-level expression of the gpl60. One drawback is that 
the expression of Tat has been recognized to play a contributory role in 
the progression of Kaposi's Sarcoma, [Y.N. Vaishav and F.W. Wong- 
Staal, An. Rev. Biochem. (1991)]. 

WO 93/17706 describes a method for vaccinating an animal 
against a virus, wherein carrier particles were coated with a gene 
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construct and the coated particles are accelerated into cells of an animal. 
In regard to HIV, essentially the entire genome, minus the long terminal 
repeats, was proposed to be used. That method may represent a 
substantial risk for recipients. Constructs of HIV should, in general, 
contain less than about 50% of the HIV genome to ensure safety of the 
vaccine. Thus, a number of problems remain if a useful human HIV 
vaccine is to emerge from the gene-delivery technology. 

The instant invention uses known methods for introducing 
polynucleotides into living tissue to induce expression of proteins. This 
invention provides a immunogen for introducing HIV and other 
proteins into the antigen processing pathway to efficiently generate 
HIV-specific CTLs and antibodies. The pharmaceutical is effective as a 
vaccine to induce both cellular and humoral anti-HIV and HIV 
neutralizing immune responses. The instant invention addresses some of 
the problems by providing polynucleotide immunogens which, when 
introduced into an animal, direct the efficient expression of HIV 
proteins and epitopes without the attendant risks associated with those 
methods. The immune responses generated are effective at recognizing 
HIV, at inhibiting replication of HIV, at identifying and killing cells 
infected with HIV, and are cross-reactive against many HIV strains. 
Therefore, this invention provides a useful immunogen against HIV. 
The invention also provides polynucleotide constructs which enable the 
co-expression, in vivo, of more than one gene-product in a single cell. 
This is demonstrated with an HIV gene expression system in which the 
expression of a first gene is dependent on the co-expression in the same 
cell of a second gene product. By virtue of the success of achieving this 
co-expression in vivo , it is now predictable that this type of 
polynucleotide construct may be applied to co-expression in vivo of 
many combinations of gene products, including but not limited to viral 
antigens other than HTV related antigens, carcinoma-associated antigens, 
and immunomodulatory or immunostimulatory gene products. 
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SUMMARY OF THE INVENTION 

Nucleic acids, including DNA constructs and RNA 
transcripts, capable of inducing coordinate expression of two to three 
cistrons upon direct introduction into animal tissues, are presented. In 
one embodiment, coordinate expression of two cistrons encoding HIV 
proteins and elicitation of HIV specific immune responses against more 
than one gene products is demonstrated. Cytotoxic T lymphocytes 
(CTLs) specific for viral antigens which respond to different strains of 
lq human immunodeficiency virus (HIV), and antibodies which are 

generally strain-specific are generated. The generation of such CTLs in 
vivo usually requires endogenous expression of the antigen, as in the 
case of virus infection. To generate a viral antigen for presentation to 
the immune system, without the limitations of direct peptide delivery or 
the use of viral vectors, polynucleotides encoding HIV proteins are 
directly introduced into tissues of vertebrates in vivo , the 
polynucleotides are taken up by cells within the tissue, and the encoded 
proteins produced and processed for presentation to the immune system. 
In mice, this resulted in the generation of HIV-specific CTLs and 
antibodies. Similar results are achieved in primates. These results are 
achieved with bi- or tri-cistronic nucleic acid polynucleotides encoding 
and co-expressing HIV gene products, immunostimulatory gene 
products including but not limited to GM-CSF, interleukins, interferon 
and B7 proteins, which act as T-cell costimulatory elements. The 
methods and polynucleotides of this invention are generally applicable 
to co-ordinate expression in vivo of any two or three genes. Thus, 
various embodiments of this invention include coordinate expression in 
vjvo of viral antigens and irnmunostimulatory gene products as well as 
coordinate expression of tumor antigens and immunostimulatory genes. 

° BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 . A schematic representation of the HIV genome. 
Fig. 2. A schematic representation of a polynucleotide construct of 
this invention capable of inducing the co-ordinate expression 
in vivo in a single cell of up to three gene products encoded 
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by each of three cistrons (I, II, and EQ). The segments A and 
B represent control sequences including transcription 
termination signals and promoters or internal ribosome entry 
sites (IRES). 

Fig. 3. Detailed schematic of an HIV env polynucleotide immunogen 
construct comprising the CMV-intA transcription promoter, a 
5'-splice donor, HIV gpl60 (showing gpl20, gp41, and the 
REV-responsive element, RRE), an internal ribosome entry 
site (IRES), the REV cistron, the BGH transcription 
terminator, and the neomycin resistance marker which is 
driven by a prokaryotic transcription promoter.. 
Fig. 4. Detailed schematic of dicistronic HIV env and gag 

polynucleotide immunogen constructs showing specific 
regulatory elements. 
Fig: 5 r Western blot analysis of gpl60 expression induced by HIV 

polynucleotide immunogens. This result rigorously shows the 
coexpression in a single cell of more than one gene product 
from a single polynucleotide construct: A polynucleotide 
encoding gpl60 alone (see panel B, fourth lane from the left) 
expresses no detectable gpl60, but with REV added in trans 
(by cotransfection of a construct encoding only REV), there is 
good gpl60 expression (panel A, fourth lane from the left). 
A genomic tat/REV/env construct expresses only low levels of 
gpl60, whether or not REV is provided in trans (panels A 
and B, third lane). However, a dicistronic gpl60/IRES/REV 
construct heavily expresses gpl60 (panels A and B, fifth lane 
from the left). The best expression, is obtained in a 
dicistronic construct encoding gpl60/ERES/REV, with a splice 
donor (SD) provided 5 f to the gp 160 coding sequence (panels 
A and B, right hand lane). Because no additional expression 
is achieved when additional REV is provided in trans (panel A 
right hand lane), the system is not limited by the level of REV 
being expressed. 
Fig. 6. V1J Sequence^. 
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Fig. 7. VUneo Sequence, 

Fig. 8. CMVintABGH Sequence,. 

Fig. 9. Cytotoxic T lymphocytes generated in rhesus monkeys in 

response to VlJ-SIV-p28 polynucleotide construct vaccination 
(REV independent). This SIV p28 is equivalent to p24 gag of 
HIV. Thus, CTLs specific to a group specific antigen are 
inducible using a gag encoding polynucleotide construct. 

Fig. 10. Cytotoxic T lymphocytes generated in response to Vaccinia- 
SIVp28 nucleic acid vaccination. This demonstrates that 
similar CTLs are induced by a gag encoding polynucleotide 
(figure 9) as compared with a replicating antigen (vaccinia) 
expressing the same antigen [see Shen, L., et al., Science 
252:440-443. 1991]. 

Fig.l 1 . Sequence of the Vector VIR^ 

Fig. 12. Antibodies induced by VI Jns-tPA-gpl20, 200 |ag/mouse per 
round, 2 rounds. 

Fig. 13. Neutralization of HIV-1 (MN) virus by sera from VUns- 
tPA-gpl20 (MN) DNA vaccinated African Green Monkeys. Panels a 
and B show the reduction in p24 gag protein production for C8166 cells 
infected with HIV-1 (MN) following exposure to the indicated dilutions 
of sera from VI Jns-tPA-gpl20 DNA vaccinated monkeys. Data was 
obtained after 10 days in tissue culture following virus inoculation 
(TCID50 per sample). 

Fig. 14 T cells from VlJns-tPA-gpl20 vaccinated mice exhibiting 
long-term, antigen-specific T lymphocyte memory responses. 
Immunized mice received 1 .6 meg of vaccine DNA twice, six months 
prior to sacrifice. Splenic T cells were cultured in vitro with 
recombinant gpl20 protein at 5 mcg/mL. Proliferation of gpl20- 
specific T cells. A stimulation index (SI; incorporated ^H-thymidine 
for gpl20 treated T cells:T cells that did not receive antigen). 
Fig. 15. Type 1 T helper (ThI) lymphocyte cytokine secretion by T 
cells from VI Jns-tPA-gpl20 DNA vaccinated mice. Cell culture 
supematants from the samples shown in Figure 13 were assayed from 
gamma-interferon and interleukin 4 (IL-4) secretion following 
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treatment with rgpl20. Immune mice secreted large amounts of 
gamma-interferon and very low amounts of IL-4 indicated that ThI- 
like responses were induced by this vaccine. Control mice showed very 
low amounts of interferon secretion while the IL-4 levels indicated are 
background levels. 

Fig. f5. Anti-gpl20 cytotoxic T lymphocyte (CTL) activities in 
VlJns-tPA-gpl20 DNA vaccinated mice. Two mice (2006 and 2008) 
showed MHC I restricted CTL activities specific to a gpl20 peptide 
(PI 8) following gpl20 DNA vaccinations. No activities were observed 
for these mice in the absence of PI 8 or by a control mouse which had 
not been previously vaccinated. 

Fig. Anti-gpl60 CTL activities by rhesus monkeys vaccinated 

with VUns-gpl60/IRES/rev and VUns-tPA-gpl20 DNA vaccines. T 
lymphocyte cultures from all four monkeys receiving these vaccines 
showed MHC I restricted killing of autologous target cells that had been 
treated with vaccinia-gpl60. No CTL activity was observed in four 
control rhesus that had been immunized with 'blank' DNA vaccine 
(VlJns without a gene insert). 

20 DETAILED DESCRIPTION OF THE INVENTION 

Nucleic acids, including DNA constructs and RNA 
transcripts, capable of inducing coordinate expression of two to three 
cistrons upon direct introduction into animal tissues, are presented. In 

2s one embodiment, coordinate expression of two cistrons encoding HIV 
proteins and elicitation of HIV specific immune responses against more 
than one gene products is demonstrated. Cytotoxic T lymphocytes 
(CTLs) specific for viral antigens which respond to different strains of 
human immunodeficiency virus (HIV), and antibodies which are 

3Q generally strain-specific are generated. The generation of such CTLs in 
vivo usually requires endogenous expression of the antigen, as in the 
case of virus infection. To generate a viral antigen for presentation to 
the immune system, without the limitations of direct peptide delivery or 
the use of viral vectors, polynucleotides encoding HIV proteins are 
directly introduced into tissues of vertebrates in vivo, the 
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polynucleotides are taken up by cells within the tissue, and the encoded 
proteins produced and processed for presentation to the immune system. 
In mice, this resulted in the generation of HIV-specific CTLs and 
antibodies. Similar results are achieved in primates. These results are 
achieved with bi- or tri-cistronic nucleic acid polynucleotides encoding 
and co-expressing HIV gene products, immunostimulatory gene 
products including but not limited to GM-CSF, interleukins, interferon 
and B7 proteins, which act as T-cell costimulatory elements. The 
methods and polynucleotides of this invention are generally applicable 
to co-ordinate expression in vivo of any two or three genes. Thus, 
various embodiments of this invention include coordinate expression in 
vivo of viral antigens and immunostimulatory gene products as well as 
coordinate expression of tumor antigens and immunostimulatory genes. 

This invention provides polynucleotides which, when 
directly introduced into a vertebrate in vivo , including mammals such as 
primates and humans, induces the expression of encoded proteins within 
the animal. 

As used herein, a polynucleotide is a nucleic acid which 
contains essential regulatory elements such that upon introduction into a 
living vertebrate cell, is able to direct the cellular machinery to produce 
translation products encoded by the genes comprising the 
polynucleotide. 

In one embodiment of the invention, the polynucleotide is a 
polydeoxyribonucleic acid comprising HIV genes operatively linked to a 
transcriptional promoter. In another embodiment of the invention, the 
polynucleotide vaccine comprises polyribonucleic acid encoding HIV 
genes which are amenable to translation by the eukaryotic cellular 
machinery (ribosomes, tRNAs, and other translation factors). Where 
the protein encoded by the polynucleotide is one which does not 
normally occur in that animal except in pathological conditions, (i.e. an 
heterologous protein) such as proteins associated with human 
immunodeficiency virus, (HIV), the etiologic agent of acquired immune 
deficiency syndrome, (AIDS), the animals' immune system is activated 
to launch a protective immune response. Because these exogenous 
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proteins are produced by the animals' own tissues, the expressed 
proteins are processed by the major histocompatibility system, MHC, in 
a fashion analogous to when an actual infection with the related 
organism, HIV, occurs. The result, as shown in this disclosure, is 
induction of immune responses against the cognate pathogen. 

Accordingly, the instant inventors have prepared nucleic 
acids which, when introduced into the biological system induce the 
expression of HIV proteins and epitopes. The induced antibody 
response is both specific for the expressed HIV protein, and neutralizes 
HIV. In addition, cytotoxic T-lymphocytes which specifically recognize 
and destroy HIV infected cells are induced. The instant inventors have 
also developed polynucleotides whereby simian immunodeficiency virus 
(SIV) genes are efficiently expressed upon introduction in vivo . This 
achievement is significant because the only animal model closely 
mimicking the human disease, AIDS, is the subhuman primate model 
utilizing SIV. Thus, efficacy of the instant immunogens as vaccines can 
be shown by analogy to the effects obtained in vivo utilizing HIV and 
SIV polynucleotide immunogens. 

There are many embodiments of the instant invention 
which those skilled in the art can appreciate from the specifics taught 
herein. Thus, different transcriptional promoters, terminators, carrier 
vectors or specific gene sequences may be used successfully based on the 
successful invention disclosed herein. 

The instant invention provides a method for using a 
polynucleotide which, upon introduction into mammalian tissue, induces 
the co-expression in a single cell, in vivo , of two or more different, 
discrete gene products. The method is exemplified by using an HTV 
model which demonstrates the co-expression of more than one gene 
product in a single cell upon introduction of the polynucleotide into 
mammalian tissue in vivo . The model is stringent because certain HIV 
genes contain a sequence known as the REV responsive element (RRE). 
These genes are not efficiently expressed unless another HIV gene, 
known as REV, is also present within the cell expressing the RRE- 
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containing HIV gene. This phenomenon is described as REV 
dependence. 

Pavlakis and Felber, WO 93/20212 have described a 
method of eliminating sequences which may induce transcript 
instability, which may also achieve some REV independence of certain 
HIV genes. That method may not be generally applicable to all such 
genes, is time-consuming and may require multiple gene modifications. 
Furthermore, the level of expression and immunogenicity of such genes 
may be compromised by elimination of the REV dependence. 

The instant invention provides a different solution which 
does not require multiple manipulations of REV dependent HIV genes to 
obtain REV -independence. In addition, the instant invention is 
applicable to expression of REV independent genes as well as to 
expression of REV dependent genes. The REV -dependent expression 
system described herein, is useful in its own right and is also useful as a 
stringent system for demonstrating the co-expression in a single cell in 
vivo of more than a single desired gene-product. Thus, in any 
circumstance in which it is beneficial to achieve the co-expression, 
within a given cell in vivo , of more than a single gene product, the 
methods and polynucleotide constructs described herein may be 
employed. 

One situation, exemplified herein, is the co-expression of 
an immunogenic epitope and a member of the family of T-cell 
recognition elements known as B7. Recently, Steven Edgington 
[ Biotechnology 11:1 1 17-1 1 19, 1993] reviewed the coordinate roles of 
B7 and the major histocompatibility complex (MHC) presentation of 
epitopes on the surface of antigen presenting cells in activating CD8+ 
CTLs for the elimination of tumors. Once a MHC molecule on the 
surface of an antigen presenting cell (APC) presents an epitope to a T- 
cell receptor (TCR), B7 expressed on the surface of the same APC acts 
as a second signal by binding to CTLA-4 or CD28. The result is rapid 
division of CD4+ helper T-cells which signal CD8+ T-ceJls to 
proliferate and kill the APC. Thus, our demonstration herein of 
efficient expression and production of immune responses against an HIV 
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REV dependent gene containing an RRE by coordinately expressing a 
gene for REV, conclusively proves that more than one gene can be co- 
ordinately expressed by introducing a polynucleotide encoding two and 
even three cistrons (defined as a stretch of nucleic acid that carries the 
information for a polypeptide chain). 

Because many of the applications of the instant invention 
apply to anti -viral vaccination, the polynucleotides are frequently 
referred to as a polynucleotide vaccine (PNV). This is not to say that 
additional utilities of these polynucleotides, in immune stimulation and 
in anti-tumor therapeutics, is to be ignored or considered to be outside 
the scope of the invention. 

In one embodiment of this invention, a gene encoding an 
HIV gene product is incorporated in an expression vector. The vector 
contains a transcriptional promoter recognized by an eukaryotic RNA 
polymerase, and a transcriptional terminator at the end of the HIV gene 
coding sequence. In a preferred embodiment, the promoter is the 
cytomegalovirus promoter with the intron A sequence (CMV-intA), 
although those skilled in the art will recognize that any of a number of 
other known promoters such as the strong immunoglobulin, or other 
eukaryotic gene promoters may be used. A preferred transcriptional 
terminator is the bovine growth hormone terminator. The combination 
of CMVintA-BGH terminator (Fig. 8, SEQ. ID: 13:) is particularly 
preferred. In addition, to assist in preparation of the polynucleotides in 
prokaryotic cells, an antibiotic resistance marker is also preferably 
included in the expression vector under transcriptional control of a 
prokaryotic promoter so that expression of the antibiotic does not occur 
in eukaryotic cells. Ampicillin resistance genes, neomycin resistance 
genes or any other pharmaceutically acceptable antibiotic resistance 
marker may be used. In a preferred embodiment of this invention, the 
antibiotic resistance gene encodes a gene product for neomycin 
resistance. Further, to aid in the high level production of the 
polynucleotide by fermentation in prokaryotic organisms, it is 
advantageous for the vector to contain a prokaryotic origin of 
replication and be of high copy number. Any of a number of 
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commercially available prokaryotic cloning vectors provide these 
benefits. In a preferred embodiment of this invention, these 
functionalities are provided by the commercially available vectors 
known as pUC. It is desirable, however, to remove non-essential DNA 
sequences. Thus, the lacZ and lad coding sequences of pUC are 
removed in one embodiment of the invention. It is also desirable that 
the vectors not be able to replicate in eukaryotic cells. This minimizes 
the risk of integration of polynucleotide vaccine sequences into the 
recipients' genome. 

In another embodiment, the expression vector pnRSV is 
used, wherein the Rous Sarcoma virus (RSV) long terminal repeat 
(LTR) is used as the promoter. In yet another embodiment, VI, a 
mutated pBR322 vector into which the CMV promoter and the BGH 
transcriptional terminator were cloned is used. In a particularly 
preferred embodiment of this invention, the elements of VI and pUC19 
have been combined to produce an expression vector named VI J (SEQ. 
ID: 12:). Into V1J or another desirable expression vector is cloned an 
HIV gene, such as gpl20, gp41, gpl60, gag, pol, env, or any other HIV 
gene which can induce anti-HIV immune responses (antibody and/or 
CTLs). Exclusion of functional reverse transcriptase and integrase 
functions encoded by the HIV genome is desirable to minimize the risk 
of integration of the polynucleotide vaccine encoded sequences into the 
recipients' genome. In another embodiment, the ampicillin resistance 
gene is removed from VI J and replaced with a neomycin resistance 
gene, to generate VlJ-neo (SEQ.ID:14:), into which any of a number of 
different HIV genes have been cloned for use according to this 
invention. In yet another embodiment, the vector is VUns, which is the 
same as VI Jneo except that a unique SfiJ restriction site has been 
engineered into the single Kpnl site at position 2114 of VlJ-neo. The 
incidence of Sfil sites in human genomic DNA is very low 
(approximately 1 site per 100,000 bases). Thus, this vector allows 
careful monitoring for expression vector integration into host DNA, 
simply by Sfil digestion of extracted genomic DNA. In a further 
refinement, the vector is V1R. In this vector, as much non-essential 
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DNA as possible was "trimmed" from the vector to produce a highly 
compact vector. This vector is a derivative of VlJns and is shown in 
Figure 11, (SEQ.ID.:100:). This vector allows larger inserts to be used, 
with less concern that undesirable sequences are encoded and optimizes 
uptake by cells when the construct encoding specific influenza virus 
genes is introduced into surrounding tissue. In figure 1 1, the portions 
of VI Jneo (Figure 7) that are deleted are shown as a gap, and inserted 
sequence is in bold text, but the numbering of VI Jneo is unchanged. 
The foregoing vector modification and development procedures may be 
accomplished according to methods known by those skilled in the art. 
The particular products described however, though obtained by 
conventional means, are especially useful for the particular purpose to 
which they are adapted. 

One embodiment of this invention incorporates genes 
encoding HIV gpl60, gpl20, gag and other gene products from such 
well known laboratory adapted strains of HIV as SF2, MB or MN, for 
which a great deal of data has been generated, for example, such as 
showing that chimpanzees can be protected from a lethal challenge of 
HIV IIIB virus by first administering HIV IITb V3 loop specific 
monoclonal antibody [Emini et ah, Nature 355 : 728-730 1992], or by 
vaccination with recombinant gpl20 but not gpl60 [Berman et al., 
Nature 345 : 822-825, 1990]. Those skilled in the art will recognize 
that the use of genes from HIV-2 strains having analogous function to 
the genes from HTV-1 would be expected to generate immune responses 
analogous to those described herein for HTV-1 constructs. The cloning 
and manipulation methods for obtaining these genes are well known to 
those skilled in the art. 

There has recently been recognition that elicitation of 
immune responses against laboratory adapted strains of HIV may not be 
adequate to provide neutralization of primary, field isolates of HTV, [see 
for example Cohen, J., Science 262: 980-981, 1993]. Thus, in another 
embodiment of this invention, genes from virulent, primary field 
isolates of HIV are incorporated in the polynucleotide immunogen. 
This is accomplished by preparing cDNA copies of the viral genes and 
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then subcloning the individual genes into the polynucleotide 
immunogen. Sequences for many genes of many HIV strains are now 
publicly available on GENBANK and such primary, filed isolates of 
HIV are available from the National Institute of Allergy and Infectious 
Diseases (N1AID) which has contracted with Quality Biological, Inc., 
[7581 Lindbergh Drive, Gaithersburg, Maryland 20879] to make these 
strains available. Such strains are also now available from the World 
Health Organization (WHO) [Network for HIV Isolation and 
Characterization, Vaccine Development Unit, Office of Research, 
Global Program on AIDS, CH-1211 Geneva 27, Switzerland]. From 
this work those skilled in the art will recognize that one of the utilities 
of the instant invention is to provide a system for in vivo as well as in 
vitro testing and analysis so that a correlation of HIV sequence diversity 
with serology of HIV neutralization, as well as other parameters can be 
made. The isolation and cloning of these various genes may be 
accomplished according to methods known to those skilled in the art. 
Thus this invention further provides a method for systematic 
identification of HIV strains and sequences for vaccine production. 
Incorporation of genes from primary isolates of HIV strains provides an 
immunogen which induces immune responses against clinical isolates of 
the virus and thus meets a need as yet unmet in the field. Furthermore, 
as the virulent isolates change, the immunogen may be modified to 
reflect new sequences as necessary. 

To keep the terminology consistent, the following 
convention is followed herein for describing polynucleotide immunogen 
constructs: 

"Vector name-HIV strain-gene-additional elements". Thus, 
a construct wherein the gp 160 gene of the MN strain is cloned into the 
expression vector VI Jneo, the name it is given herein is: "VlJneo-MN- 
gpl60 M . The additional elements that are added to the construct are 
described in further detail below. Naturally, as the etiologic strain of 
the virus changes, the precise gene which is optimal for incorporation in 
the pharmaceutical may be changed. However, as is demonstrated 
below, because cytotoxic lymphocyte responses are induced which are 



capable of protecting against heterologous strains, the strain variability 
is less critical in the immunogen and vaccines of this invention, as 
compared with the whole vims or subunit polypeptide based vaccines. 
In addition, because the pharmaceutical is easily manipulated to insert a 
new gene, this is an adjustment which is easily made by the standard 
techniques of molecular biology. 

To provide a complete description of the instant invention, 
the following background on HIV is provided. The human 
immunodeficiency virus has a ribonucleic acid (RNA) genome, the 
structure of which is represented in Figure 1. This RNA genome must 
be reverse transcribed according to methods known in the art in order 
to produce a cDNA copy for cloning and manipulation according to the 
methods taught herein. At each end of the genome is a long terminal 
repeat which acts as a promoter. Between these termini, the genome 
encodes, in various reading frames, gag-pol-env as the major gene 
products: gag is the group specific antigen; pol is the reverse 
transcriptase, or polymerase; also encoded by this region, in an alternate 
reading frame, is the viral protease which is responsible for post- 
translational processing, for example, of gpl60 into gpl20 and gp41; 
env is the envelope protein; vif is the virion infectivity factor; REV is 
the regulator of virion protein expression; neg is the negative 
regulatory factor; vpu is the virion productivity factor "u"; tat is the 
trans-activator of transcription; vpr is the viral protein r. The function 
of each of these elements has been described (see AIDS 89, A Practical 
Synopsis of the V International Conference, June 4-9, 1989, Montreal, 
A Philadelphia Sciences Group Publication, from which figure 1 was 
adapted). 

In one embodiment of this invention, a gene encoding an 
HIV or SIV protein is directly linked to a transcriptional promoter. 
The env gene encodes a large, membrane bound protein, gpl60, which 
is post-translationally modified to gp41 and gpl20. The gpl20 gene 
may be placed under the control of the cytomegalovirus promoter for 
expression. However, gpl20 is not membrane bound and therefore, 
upon expression, it may be secreted from the cell. As HIV tends to 
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remain dormant in infected cells, it is desirable that immune responses 
directed at eel] -bound HIV epitopes also be generated. This goal is 
accomplished herein by expression in vivo of the cell -membrane 
associated epitope, gp!60, to prime the immune system. However, 
expression of gpl60 is repressed in the absence of REV due to non- 
export from the nucleus of non-spliced genes. For an understanding of 
this system, the life cycle of HIV must be described in further detail. 

In the life cycle of HIV, upon infection of a host cell, HIV 
RNA genome is reverse-transcribed into a proviral DNA which 
integrates into host genomic DNA as a single transcriptional unit. The 
LTR provides the promoter which transcribes HIV genes from the 5' to 
3' direction (gag, pol, env), to form an unspliced transcript of the entire 
genome. The unspliced transcript functions as the mRNA from which 
gag and pol are translated, while limited splicing must occur for 
translation of env encoded genes. For the regulatory gene product REV 
to be expressed, more than one splicing event must occur because in the 
genomic setting, REV and env, as is shown in figure 1, overlap. In 
order for transcription of env to occur, REV transcription must stop, 
and vice versa. In addition, the presence of REV is required for export 
of unspliced RNA from the nucleus. For REV to function in this 
manner, however, a REV responsive element (RRE) must be present on 
the transcript [Malim et al., Nature 338:254-257 (1989)]. 

In the polynucleotide vaccine of this invention, the 
obligatory splicing of certain HIV genes is eliminated by providing fully 
spliced genes (i.e.: the provision of a complete open reading frame for 
the desired gene product without the need for switches in the reading 
frame or elimination of noncoding regions; those of ordinary skill in 
the art would recognize that when splicing a particular gene, there is 
some latitude in the precise sequence that results; however so long as a 
functional coding sequence is obtained, this is acceptable). Thus, in one 
embodiment, the entire coding sequence for gpl60 is spliced, and the 
sequence of REV is spliced, such that no intermittent expression of each 
gene product is required. Furthermore, the features of REV regulated 
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expression are exploited to optimize expression of HIV encoded REV- 
dependent, immunogenic gene products. 

For REV to function as an exporter of transcripts from the 
nucleus to be translated in the cytoplasm, REV requires, in addition to 
the presence of a REV responsive element (RRE) on the transcript to be 
exported, at least one splice donor site on the 5' side of the gene 
containing the RRE [Lu et al., P.N.A.S. USA 87:7598-7602, (October 
1990); Chang and Sharp, Cell 59:789-795 (December 1, 1989)]. The 
instant inventors conceived polynucleotides providing the REV coding 
sequence in a location on the same expression vector as the gene to be 
expressed such that co-expression of REV and the REV responsive gene 
occur without the need for any splicing. Thus, in a preferred 
embodiment of this invention, HIV genes are placed immediately 
downstream from a transcriptional promoter, such as the CMV 
promoter, and the spliced REV coding sequence is placed at a location 
3' to (also referred to as downstream from) the first coding sequence. 
Naturally, the order of these genes could be changed. However, it may 
be preferable to have the immunogenic HIV cistron abut directly to the 
transcriptional promoter to ensure that all transcripts produced encode 
the entire cistron. 

One method for achieving co-expression of genes relies on 
co-transfection of cells in culture with different vectors expressing 
different genes. For a REV dependent gene, the REV gene product 
could be provided in this manner in trans. However, this is suboptimal 
for the purposes of this invention, although not outside the scope of the 
instant invention, because of the low probability that co-transfection of a 
given cell would occur in vivo so as to achieve the necessary availability 
of REV for vigorous expression of REV dependent immunogenic HIV 
gene products. Another method is to provide several promoters on a 
given vector, each promoter controlling expression of a separate gene. 
This amounts to providing REV gene product in cis. This solution may 
be employed according to the instant invention. In such an embodiment, 
it would be preferable for the various promoters and the genes they 
control to run in opposite directions. However, because of the known 



competitive interference between promoters in this type of multiple 
gene vector, this embodiment is also considered sub-optimal. 

Ghattas et al., [Mol. and Cell. Biol. H_, No. 12:5848-5859 
(Dec. 1991)], Kaufaman et al. [Nuc. Acids Res. 19, No. 16:4485-4490 
(1991)], and Davies [J. Virol. 66, No. 4:1924-1932 (Apr. 1992)] have 
described an internal ribosome entry site (IRES) in the 
encephalomyocarditis virus (EMCV) leader. They reported that a 
system in which an upstream promoter could be used to initiate 
transcription of a dicistronic mRN A provides good expression of both 
the 5' and 3' open reading frames when an IRES is located between the 
two genes. Chen et al. (J. Viral., 61 : 2142-2145, 1993] have reported a 
system in which the 5 nontranslated region (NTR) from swine vesiculor 
disease virus (SVDV) was used to construct a bicistronic virus for the 
coexpression of two genes from one transcript from an infectious viral 
vector. 

The instant inventors have discovered that a nucleic acid 
construct which incorporates coordinated expression of an HIV gene 
containing a REV responsive element (RRE), an internal ribosome entry 
site (IRES) and a REV coding sequence results in efficient expression of 
both REV and the REV dependent gene product. This embodiment of 
the invention is better understood with reference to figures 2 and 3. 
Fig. 2 shows a generalized embodiment while, Figure 3, shows a 
specific embodiment of this invention which, according to the 
nomenclature system described above, is VUns-gpl60(RRE)-IRES- 
REV. The strain of HIV from which the immunogenic HIV gene is 
derived is irrelevant for the illustrative purposes of this discussion, and 
indeed, the expression of any REV dependent gene product is 
predictably efficient, as is the elicitation of immune responses against 
both REV and the REV dependent gene product, based on the instant 
patent disclosure. According to the embodiment shown in Fig. 3, the 
vector is VUns, described above. Thus, the promoter (CMVintA) and 
terminator (BGH) are provided for by the vector, along with a 
prokaryotic origin of replication, to facilitate large scale production of 
the HIV polynucleotide vaccine through fermentation of bacteria 
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transformed with the construct, according to methods well known in the 
art. This construct does not replicate in eukaryotic tissue, due to the 
absence of an eukaryotic origin of replication. A splice donor site from 
the naturally occurring rev/tat splice donor is provided (rev/tat SD) 
immediately preceding the fflV gene. The gag/pol/env coding sequence 
contains or is followed by a REV responsive element (RRE) which, 
upon formation of the nascent transcript, provides the necessary signals 
for REV binding to and export of the REV dependent mRNA from the 
nucleus. Next, there are sequences provided for reinitiation of 
translation at the internal ribosome entry site (IRES) so that the 
downstream REV coding sequence is efficiently translated. In this 
manner, REV gene product is provided in cis, on the same 
polynucleotide as a REV dependent gene product. 

In further refinements to the instant invention, a third 
cistron may be included in the PNV. The genes encoding such 
immunostimulatory proteins as the B7-antigen presenting cell-surface 
protein, the human granulocyte/monocyte colony stimulatory factor 
(GM-CSF) gene, and cytokine genes such as interleukin and interferon, 
the use of tissue-specific transcriptional promoters and enhancers, are 
all contemplated. The provision of B7 or GM-CSF gene in cis, either 
by insertion of an IRES after REV and before the B7 gene, by provision 
of a second promoter on the same vector construct as the dicistronic 
REV-dependent HIV gene, IRES-REV construct, or in trans using a 
separate construct are all envisioned by extension of the foregoing 
teachings regarding REV and REV dependent genes. The generalized 
immuno-stimulatory effect of these gene products may be sufficient 
even if provided in trans to enhance immune responses against the HIV 
gene products encoded by the immunogen of this invention. It is 
preferable, particularly for B7, that the same cell presenting HIV 
epitopes in the cleft of MHC-I molecules also present B7. This co- 
presentation of both the antigenic epitope and B7 "closes" the switch 
necessary for T-cell activation. Cytokines, particularly IL-12, which 
modifies whether a predominant humoral or cellular immune response 
is mounted [see Afonso et al., Science 261:235-237, 1994], either is 
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provided intravenously at the same time that PNV is introduced, or is 
included as a third cistron in the PNV, thereby assuring localized 
production of the interleukin. The genes for these immunostimulatory 
and immunoregulatory proteins, including GM-CSF (see Shaw and 
5 Kamen, Ceil 46:659-667, 1986 ), interleukin- 12 (see Wolf, S., et al., L 
Immunol 146:3074-3081, 1991) and B7, (see Gordon et al., L 
Immunol 143:2714-2722, 1989; for clones and sequences of newer 
members of the B7 family of proteins, see also Azuma, M., et al, 
Nature 366:76-79, 1 993; and Freeman, G., et al, Science 262:909-91 1 , 
10 1993) are known and easily cloned and incorporated in PNV's 
according to this invention using methods known to the skilled 
practitioner. Preferably, the genes used for these purposes are the 
human genes so that immune responses against these proteins are 
minimized, allowing the expressed proteins to carry out their 
15 immunomodulatory and immunostimulatory functions. Where HIV 
genes have been rendered REV -independent, the REV cistron may be 
eliminated completely and a second cistron encoding a B7 gene family 
member and a third cistron encoding yet another gene-product such as 
IL-12, may be constructed. 
20 The use of tissue-specific promoters or enhancers, for 

example the muscle creatine kinase (MCK) enhancer element, is 
desirable whenever it is desirable to limit expression of the 
polynucleotide to a particular tissue type. For example, myocytes are 
terminally differentiated cells which do not divide. Integration of 
25 foreign DNA into chromosomes appears to require both cell division 
and protein synthesis. Thus, limiting protein expression to non- 
dividing cells such as myocytes is preferable. However, use of the CMV 
promoter is adequate for achieving expression in many tissues into 
which the PNV is introduced. 
30 In the various embodiments of this invention which are 

described below, the basic paradigm described above is used. 
Deviations, additions or subtractions from this basic construction design 
serve to hi-light the various aspects of this invention. 



This patent disclosure exemplifies bi- or tri-cistronic HIV 
polynucleotide immunogens as polynucleotide vaccines, PNVs, to 
generate humoral immunity as well as cross-strain cellular antiviral 
immunity. The system is useful, however, for any two or three 
cistrons, whether or not related to HIV, when co-expression of the 
encoded gene products in a single cell in yjyo is required. However, the 
dual humoral and cellular immune responses generated according to this 
invention are particularly significant to inhibiting HIV infection, given 
the propensity of HIV to mutate within the infected population, as well 
as in infected individuals. In order to formulate an effective protective 
vaccine for HIV it is desirable to generate both a multivalent antibody 
response for example to gpl60 (env is approximately 80% conserved 
across various HIV-1, clade B strains, which are the prevalent strains in 
US human populations), the principal neutralization target on HIV, as 
well as cytotoxic T cells reactive to the conserved portions of gpl60 
and, internal viral proteins encoded by gag. We have made an HTV 
vaccine comprising gpl60 genes selected from common laboratory 
strains; from predominant, primary viral isolates found within the 
infected population; from mutated gpl60s designed to unmask cross- 
strain, neutralizing antibody epitopes; from other representative HIV 
genes such as the gag gene (>95% conserved across HIV isolates); and 
from SIV, which provides an animal model for testing the HIV PNV 
wherein non-human primates can be immunized and challenged to test 
viral load and progression to disease. 

Virtually all HIV seropositive patients who have not 
advanced towards an immunodeficient state harbor anti-gag CTLs while 
about 60% of these patients show cross-strain, gpl60-specific CTLs. 
The amount of HIV specific CTLs found in infected individuals that 
have progressed on to the disease state known as AIDS, however, is 
much lower, demonstrating the significance of our findings that we can 
induce cross-strain CTL responses. Because HTV late gene expression is 
/?£Y dependent our gp 160 and gag vaccination vectors are designed to 
also produce REV (-90% conserved), to facilitate the REV-dependent 
gene expression. An additional benefit of this invention is that anti- 
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REV immune responses are also generated. This gives further 
advantage to our vaccine because REV is made in large quantities very 
early following infection of a cell, and hours in advance of synthesis of 
the late gene products, thereby providing an earlier opportunity for 
5 intervention by vaccine-induced T-cell responses including CTLs and 1 - 

helper cells. . 

In a further embodiment of this invention, a cocktail 

vaccine is prepared in which different HIV REV-dependent gene 

constructs are mixed together to generate anti-REV CTL responses in 

1 0 addition to antibodies and CTL against the immunogenic HIV Rb V - 

dependent gene products. According to this embodiment, one 

polynucleotide encoding g P 160, followed by REV, followed by B7, in a 

tri-cistronic construct having one promoter and two IRES sequences is 

mixed with another polynucleotide encoding a gag gene product, RbV, 

15 and B7 or another immunomodulatory or immunostimulatory gene 

product such as IL-12 or GM-CSF. In this fashion, with a single or 

several injections of polynucleotide, immune responses against several 

HIV related immunogens can be raised. Likewise, one polynucleotide 

comprising a REV independent gene product, such as those described in 

20 WO 93/20212 B7, and another immunomodulatory or 

immunostimulatory gene, such as IL-12 or GM-CSF, are mixed with 

another REV-dependent, or REV -independent bi- or tn-cistromc 

expression construct. Furthermore, multiple bi- or tn-cistromc 

constructs encoding HIV or other antigens could be prepared and mixed 

25 to produce a multivalent combination polynucleotide vaccine. 

Immune responses induced by our env , REV, and gag 

polynucleotide vaccine constructs are demonstrated in mice, rabbits, and 

primates. Monitoring antibody production to env in mice allows 

confirmation that a given construct is suitably immunogenic, i.e, a high 

30 proportion of vaccinated animals show an antibody response. Mice also 

provide the most facile animal model suitable for testing CTL induction 

by our constructs and are therefore used to evaluate whether a 

particular construct is able to generate such activity. However, mouse 

cell lines have been observed to not support efficient REV or tat 



functions. This observation was made in the context of HIV LTR 
driven expression of late genes and a limited amount of data indicates 
that heterologous promoters allow REV function in mouse cells. 
Rabbits and monkeys (African Green, rhesus, chimpanzees) provide 
additional species including primates for antibody evaluation in larger, 
non-rodent animals. These species are also preferred to mice for 
antisera neutralization assays due to high levels of endogenous 
neutralizing activities against retroviruses observed in mouse sera. 
These data demonstrate that sufficient immunogenicity is engendered by 
our vaccines to achieve protection in experiments in a 
chimpanzee/HIVinB challenge model. The currently emerging and 
increasingly accepted definition of protection in the scientific 
community is moving away from so-called "sterilizing immunity", 
which indicates complete protection from HIV infection, to prevention 
of disease. A number of correlates of this goal include reduced blood 
viral titer, as measured either by HIV reverse transcriptase activity, by 
infectivity of samples of serum, by ELISA assay of p24 or other HIV 
antigen concentration in blood, increased CD4+ T-cell concentration, 
and by extended survival rates [see, for example, Cohen, J., Science 
262:1820-1821, 1993, for a discussion of the evolving definition of anti- 
HIV vaccine efficacy]. The immunogens of the instant invention also 
generate neutralizing immune responses against infectious (clinical, 
primary field) isolates of HIV. 

Immunology 

A. Antibody Responses to env. 

1. gp160 and gp!20 . An ELISA assay is used to determine 
whether vaccine vectors expressing either secreted gpl20 or membrane- 
bound gpl60 are efficacious for production of env-specific antibodies. 
Initial in vitro characterization of env expression by our vaccination 
vectors is provided by immunoblot analysis of gpl60 transfected cell 
lysates. These data confirm and quantitate gpl60 expression using anti- 
gp41 and anti-gpl20 monoclonal antibodies to visualize transfectant cell 
gpl60 expression. In one embodiment of this invention, gpl60 is 
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preferred to gpl20 for the following reasons: (1) an initial gpl20 
vector gave inconsistent immunogenicity in mice and was very poorly 
or non-responsive in African Green Monkeys; (2) gpl60 contributes 
additional neutralizing antibody as well as CTL epitopes by providing 

5 the addition of approximately 190 amino acid residues due to the 
inclusion of gp41; (3) gpl60 expression is more similar to viral env 
with respect to tetramer assembly and overall conformation; and (4) we 
find that, like the success of membrane-bound, influenza HA constructs 
for producing neutralizing antibody responses in mice, ferrets, and 

10 nonhuman primates [see Ulmer et al., Science 259:1745-1749, 1993; 
Montgomery, D., et al.. DNA and Cell Biol. 12:777-783, 1993] anti- 
gpl60 antibody generation is superior to anti-gpl20 antibody 
generation. Selection of which type of env , or whether a cocktail of 
env subfragments, is preferred is determined by the experiments 
outlined below. 

2. Presence and Breadth of Neutralizing Activity . ELISA 
positive antisera from rabbits and monkeys is tested and shown to 
neutralize both homologous and heterologous HIV strains. 

20 

3. V3 vs. non-V3 Neutralizing Antibodies . A major goal 

for env PNVs is to generate broadly neutralizing antibodies. It has now 

been shown that antibodies directed against V3 loops are very strain 

specific, and the serology of this response has been used to define 
25 f . 
strains. 

a. Non-V3 neutralizing antibodies appear to primarily 
recognize discontinuous, structural epitopes within gpl20 which are 
responsible for CD4 binding. Antibodies to this domain are polyclonal 
and more broadly cross-neutralizing probably due to restraints on 
30 mutations imposed by the need for the virus to bind its cellular ligand. 
An in vitro assay is used to test for blocking gpl20 binding to CD4 
immobilized on 96 well plates by sera from immunized animals. A 
second in vitro assay detects direct antibody binding to synthetic 
peptides representing selected V3 domains immobilized on plastic. 
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These assays are compatible for antisera from any of the animal types 
used in our studies and define the types of neutralizing antibodies our 
vaccines have generated as well as provide an in vitro correlate to virus 
neutralization. 

b. gp41 harbors at least one major neutralization 
determinant, corresponding to the highly conserved linear epitope 
recognized by the broadly neutralizing 2F5 monoclonal antibody 
(commercially available from Viral Testing Systems Corp., Texas 
Commerce Tower, 600 Travis Street, Suite 4750, Houston, TX 77002- 
3005(USA), or Waldheim Pharmazeutika GmbH, Boltzmangasse 1 1 , A- 
1091 Wien, Austria), as well as other potential sites including the well- 
conserved "fusion peptide" domain located at the N-terminus of gp41. 
Besides the detection of antibodies directed against gp41 by immunoblot 
as described above, an m vitro assay test is used for antibodies which 
bind to synthetic peptides representing these domains immobilized on 
plastic. 

4. Maturation of the Antibody Response . In HTV 
seropositive patients, the neutralizing antibody responses progress from 
chiefly anti-V3 to include more broadly neutralizing antibodies 
comprising the structural gpl20 domain epitopes described above (#3), 
including gp41 epitopes. These types of antibody responses are 
monitored over the course of both time and subsequent vaccinations. 

B. T Cell Reactivities Against env . REV, nef and gag. 

1. Generation of CTL Responses . Viral proteins which are 
synthesized within cells give rise to MHC I-restricted CTL responses. 
Each of these proteins elicit CTL in seropositive patients. Our vaccines 
also are able to elicit CTL in mice. The immunogenetics of mouse 
strains are conducive to such studies, as demonstrated with influenza 
NP, [see Ulmer et al., Science 259_: 1745-1 749, 1993]. Several epitopes 
have been defined for the HIV proteins env, REV, nef and gag in 
Balb/c mice, thus facilitating in vitro CTL culture and cytotoxicity 
assays. Additionally, it is advantageous to use syngenic tumor lines, 
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such as the murine mastocytoma P8J5, transfected with these genes to 
provide targets for CTL as well as for in vitro antigen specific 
restimulation. Methods for defining immunogens capable of eliciting 
MHC class I-restricted cytotoxic T lymphocytes are known [see Calin- 
Laurens, et al., Vaccine 1 1 (9):974-978, 1993; see particularly Eriksson, 
et al.. Vaccine U(8):859-865, 1993, wherein T-cell activating epitopes 
on the HTV gpl20 were mapped in primates and several regions, 
including gpl20 amino acids 142-192, 296-343, 367-400, and 410-453 
were each found to induce lymphoproliferation; furthermore, discrete 
regions 248-269 and 270-295 were lymphoproliferative. A peptide 
encompassing amino acids 152-176 was also found to induce HIV 
neutralizing antibodies], and these methods may be used to identify 
immunogenic epitopes for inclusion in the PNV of this invention. 
Alternatively, the entire gene encoding gpl60, gpl20, protease, or gag 
could be used. For additional review on this subject, see for example, 
Shirai et al.. J. Immunol 148 :1657-1667, 1992; Choppin et al., L 
Immunol 147 :569-574. 1991; Choppin et al.. J. Immunol 147:575-583, 
1991; Berzofsky et al., J. Clin. Invest . 88:876-884, 1991. As used 
herein, T-cell effector function is associated with mature T-cell 
phenotype, for example, cytotoxicity, cytokine secretion for B-cell 
activation, and/or recruitment or stimulation of macrophages and 
neutrophils. 

2. Measurement of Th Activities . Spleen cell cultures 
derived from vaccinated animals are tested for recall to specific antigens 
by addition of either recombinant protein or peptide epitopes. 
Activation of T cells by such antigens, presented by accompanying 
splenic antigen presenting cells, APCs, is monitored by proliferation of 
these cultures or by cytokine production. The pattern of cytokine 
production also allows classification of Th response as type 1 or type 2. 
Because dominant Th2 responses appear to correlate with the exclusion 
of cellular immunity in immunocompromised seropositive patients, it is 
possible to define the type of response engendered by a given PNV in 
patients, permitting manipulation of the resulting immune responses. 



3. Delayed Tvt»p Hypersensitivity (DTH) . DTH to viral 
antigen after i.d. injection is indicative of cellular, primarily MHC II- 
restricted, immunity. Because of the commercial availability of 
recombinant HIV proteins and synthetic peptides for known epitopes, 
DTH responses are easily determined in vaccinated vertebrates using 
these reagents, thus providing an additional in vivo correlate for 
inducing cellular immunity. 

protection 

Based upon the above immunologic studies, it is predictable 
that our vaccines are effective in vertebrates against challenge by 
virulent HIV. These studies are accomplished in an 
HIVniB/chimpanzee challenge model after sufficient vaccination of 
these animals with a PNV construct, or a cocktail of PNV constructs 
comprised of gpl60fflB, gagUlB, nefniB and REVmB- The OB 
strain is useful in this regard as the chimpanzee titer of lethal doses of 
this strain has been established. However, the same studies are 
envisioned using any strain of HIV and the epitopes specific to or 
heterologous to the given strain. A second vaccination/challenge model, 
in addition to chimpanzees, is the scid-hu PBL mouse. This model 
allows testing of the human lymphocyte immune system and our vaccine 
with subsequent HIV challenge in a mouse host. This system is 
advantageous as it is easily adapted to use with any HTV strain and it 
provides evidence of protection against multiple strains of primary field 
isolates of HIV. A third challenge model utilizes hybrid HJV/SIV 
viruses (SHIV), some of which have been shown to infect rhesus 
monkeys and lead to immunodeficiency disease resulting in death [see 
Li, J., et al., LAmS 1:639-646, 1992]. Vaccination of rhesus with our 
polynucleotide vaccine constructs is protective against subsequent 
challenge with lethal doses of SHIV. 



PNV Consf Hirt Summary 



- 30 - 



HIV and other genes are preferably ligated into an 
expression vector which has been specifically optimized for 
polynucleotide vaccinations. According to this invention disclosure, 
methods for producing several such vectors are enabled. Essentially, all 
extraneous DNA is removed, leaving the essential elements of 
transcriptional promoter, immunogenic epitopes, and additional cistrons 
encoding immunoenhancing or immunomodulatory genes, with their 
own promoters or IRES, transcriptional terminator, bacterial origin of 
replication and antibiotic resistance gene, as previously described (see 
figure 2). Those skilled in the art will appreciate that introduction of 
RNA which has been transcribed in vitro to produce the multi-cistronic 
mRNAs encoded by the DNA counterparts of this invention naturally 
forms an integral part of this invention. For this purpose, it is desirable 
to use as the transcriptional promoter such powerful RNA polymerase 
promoters as the T7 or SP6 promoters, and performing run-on 
transcription with a linearized DNA template. These methods are well 
known in the art. 

Expression of HIV late genes such as env and gag is REV- 
dependent and requires that the REV response element (RRE) be present 
on the viral gene transcript. A secreted form of gpl20 can be generated 
in the absence of REV by substitution of the gpl20 leader peptide with 
a heterologous leader such as from tPA (tissue-type plasminogen 
activator), and preferably by a leader peptide such as is found in highly 
expressed mammalian proteins such as immunoglobulin leader peptides. 
We have inserted a tPA-gpl20 chimeric gene into VlJns which 
efficiently expresses secreted gpl20 in transfected cells (RD, a human 
rhabdomyosarcoma line). We have also developed an IRES-based 
(IRES = internal ribosomal entry site) dicistronic VlJns vector 
containing both gpl60 (which harbors the RRE) and REV which 
efficiently expresses gpl60 in transfected cell lines (293, a human 
embryonic kidney cell line; and RD). Monocistronic gpl60 does not 
produce any protein upon transfection without the addition of a REV 
expression vector. Dicistronic gpl60//?£V produces similar amounts 
of gpl60 as co-transfected gpl60 and REV monocistronic vectors. 
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From these studies, it is predictable that dicistronic vectors more 
efficiently express gp!60 following introduction in vivo intramuscularly 
relative to a mixture of gp!60 and REV vectors because the dicistron 
insures the proximity of gpl60 construct and REV within structurally 
extended, multi-nucleated muscle cells. This dicistronic strategy also 
supports expression of gag after the inclusion of the RRE within the 
transcript region of the vector. It also supports the expression of 
unrelated genes in a bi- or tri-cistronic PNV, such as co-expression of 
HIV immunogenic epitopes, influenza virus immunogenic epitopes, 
cancer-related antigens, and immunomodulatory genes such as 
interleukin, B7 and GM-CSF. 

Representative Construct Components Include (but are not restricted to) 
(see figure 2. Cistrons L IL and ID): 

1. tPA-gpl20MN; 

2. gpl60lIIB/IRES//?£VlIIB; 

3. gpl60mB; 

4. REVlUB; 

5. tat/REV/gp\60 (a genomic IIIB clone which weakly 

expresses gpl60); 

6. REV/gpl60; 

7. gpl60MN; 

8. gpl60 from clinically relevant primary HIV isolates; 

9. nef, using the gene from clinically relevant strains; 

10. gagJllB: for anti-gag CTL; 

11. tPA-gpl20niB: for chimp studies; 

12. gp!60 with structural mutations: V3 loop substitutions 
from clinically relevant strains of HIV; several mutations 
on several constructs such as variable loop removal, Asn 
mutations to remove steric carbohydrate obstacles to 
structural, neutralizing antibody epitopes; and CD4 
binding site knockout mutants; 

13. gp41: to specifically elicit anti-gp41 neutralizing 
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antibodies, particularly the 2F5 monoclonal antibody 
epitope, located directly anterior to the transmembrane 
domain, which is broadly conserved across many strains. 
This peptide is difficult to express in the absence of gpl20 
and requires several strategies, e.g., a recent report found 
that the 2F5 epitope spliced into an influenza HA loop tip 
could elicit HIV neutralizing antibodies; alternatively, 
provision of appropriate leader sequences, as in the tPA 
signal peptide leader sequence, allows expression of this 
gene product; 

14. gag: similar to construct from #5 above, using the 
gene from clinically relevant strains; 

15. rev: for gpl60 and gag dicistronics; 

1 6. B7 coding sequences; 

17. GM-CSF sequences; 

18. Interleukin sequences, particularly encoding IL-12; 

1 9. Tumor associated antigens; 

20. Genes encoding antigens expressed by pathogens other 
than HIV, such as, but not limited to, influenza virus 
nucleoprotein, hemagglutinin, matrix, neuraminidase, and 
other antigenic proteins; herpes simplex virus genes; human 
papillomavirus genes; tuberculosis antigens; hepatitis A, B, 
or C virus antigens; and combinations of these and other 
antigens to form at least dicistronic constructs which may 
be combined with multiple other polycistronic constructs to 
provide a cocktail composition capable of raising immune 
responses against all of the represented pathogens or 
tumor antigens. 

In the HIV env constructs, those of ordinary skill in the art 
will recognize the desirability of expressing nucleic acids encoding 
various env V3 loop amino acid sequences. As an example, any or all 
of the following amino acid sequences, or portions thereof, may be 
encoded by HTV polynucleotide immunogens of this invention: 



GP160 V3 LOOP SEQUENCE SUMMARY FOR PNV 
CONSTRUCTS 

North American/European Consensus, SEQ.ID:1: 

CysThrArgProAsnAsnAsnThrArgLysSerlleHisIleGlyProGlyArgAla 

PheTyrThrThrGlyGluIlelleGlyAspIleArgGlnAlaHisCys 

MN, SEQ.ID:2: 

CysThrArgProAsnTyrAsnLysArgLysArglleHisIleGlyProGIyArgAla 
PheTyrThrThrLysAsnllelleGlyThrlleArgGlnAlaHisCys 

inB (HXB2R), SEQ.ID:3: 

CysThrArgProAsnAsnAsnThrArgLysArglleArglleGlnArgGlyProGly 
ArgAlaPheValThrlleGlyLysIleGlyAsnMetArgGlnAlaHisCys 

116-v, SEQ.ID.4: 

CysThrArgProAsnAsnAsnThrArgLysGlylleHisIleGlyProGIyArgAla 
PheTyrThrThrGlyLysIlelleGlyAsnlleArgGlnAlaHisCys 

452-p, SEQ.ID:5: 

CysThrArgProSerAsnAsnAsnThrArgLysSerlleHisIleGIyProGlyLys 
AlaPheTyrAlaThrGlyAlallelleGlyAspIleArgGlnAlaHisCys 

146-v, SEQ.ID:6: 

CysThrArgProAsnAsnAsnThrArgArgSerlleHisIleAlaProGlyArgAla 
PheTyrAlaThrGlyAspUelleGlyAspIleArgGlnAlaHisCys 

The protective efficacy of polynucleotide HTV immunogens 
against subsequent viral challenge is demonstrated by immunization with 
the non-replicating plasmid DNA of this invention. This is 
advantageous since no infectious agent is involved, no assembly of virus 
particles is required, and determinant selection is permitted. 
Furthermore, because the sequence of gag and protease and several of 
the other viral gene products is conserved among various strains of 
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HIV, protection against subsequent challenge by a virulent strain of HIV 
that is homologous to, as well as strains heterologous to the strain from 
which the cloned gene is obtained, is enabled. 

The i.m. injection of a DNA expression vector encoding 
gpl60 results in the generation of significant protective immunity 
against subsequent viral challenge. In particular, gpl60-specific 
antibodies and primary CTLs are produced. Immune responses directed 
against conserved proteins can be effective despite the antigenic shift 
and drift of the variable envelope proteins. Because each of the HIV 
gene products exhibit some degree of conservation, and because CTLs 
are generated in response to intracellular expression and MHC 
processing, it is predictable that many virus genes give rise to responses 
analogous to that achieved for gpl60. Thus, many of these genes have 
been cloned, as shown by the cloned and sequenced junctions in the 
expression vector (see below) such that these constructs are 
immunogenic agents in available form. 

The invention offers a means to induce cross-strain 
protective immunity without the need for self-replicating agents or 
adjuvants. In addition, immunization with the instant polynucleotides 
offers a number of other advantages. First, this approach to vaccination 
should be applicable to tumors as well as infectious agents, since the 
CD8+ CTL response is important for both pathophysiological processes 
[K. Tanaka et al, Annu. Rev. Immunol. 6, 359 (1988)]. Therefore, 
eliciting an immune response against a protein crucial to the 
transformation process may be an effective means of cancer protection 
or immunotherapy. Second, the generation of high titer antibodies 
against expressed proteins after injection of viral protein and human 
growth hormone DNA, [see for example D.-c. Tang et al, Nature 356, 
152, 1992], indicates this is a facile and highly effective means of 
making antibody-based vaccines, either separately or in combination 
with cytotoxic T-lymphocyte vaccines targeted towards conserved 
antigens. 

The ease of producing and purifying DNA constructs 
compares favorably with traditional protein purification, facilitating the 
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generation of combination vaccines. Thus, multiple constructs, for 
example encoding gpl60, gpl20, gp41, or any other HIV gene may be 
prepared, mixed and co-administered. Finally, because protein 
expression is maintained following DNA injection [H. Lin et al, 

5 Circulation 82, 2217 (1990); R.N. Kitsis et al, Proc. Natl. Acad. Sci. 
(USA) 88, 4138 (1991); E. Hansen et al, FEBS Lett. 290, 73 (1991); 
S. Jiao et al, Hum. Gene Therapy 3, 21 (1992); J.A. Wolff et al, 
Human Mol. Genet. 1, 363 (1992)], the persistence of B- and T-cell 
memory may be enhanced [D. Gray and P. Matzinger, J. Exp. Med. 

10 174, 969 (1991); S. Oehen et al, ibid. 176, 1273 (1992)], thereby 
engendering long-lived humoral and cell-mediated immunity. 

The standard techniques of molecular biology for 
preparing and purifying DNA constructs enable the preparation of the 
DNA immunogens of this invention. While standard techniques of 

15 molecular biology are therefore sufficient for the production of the 
products of this invention, the specific constructs disclosed herein 
provide polynucleotide immunogens which surprisingly produce cross- 
strain and primary HIV isolate neutralization, a result heretofore 
unattainable with standard inactivated whole virus or subunit protein 

20 

vaccines. 

The amount of expressible DNA or transcribed RNA to be 
introduced into a vaccine recipient will depend on the strength of the 
transcriptional and translational promoters used and on the 
immunogenicity of the expressed gene product. In general, an 

25 immunologically or prophylactically effective dose of about 1 ng to 100 
mg, and preferably about 10 |ig to 300 H-g is administered directly into 
muscle tissue. Subcutaneous injection, intradermal introduction, 
impression through the skin, and other modes of administration such as 
intraperitoneal, intravenous, or inhalation delivery are also 

30 contemplated. It is also contemplated that booster vaccinations are to be 
provided. Following vaccination with HIV polynucleotide immunogen, 
boosting with HIV protein immunogens such as gpl60, gpl20, and gag 
gene products is also contemplated. Parenteral administration, such as 
intravenous, intramuscular, subcutaneous or other means of 
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administration of interleukin-12 protein, concurrently with or 
subsequent to parenteral introduction of the PNV of this invention also 
advantageous. 

The polynucleotide may be naked, that is, unassociated with 
any proteins, adjuvants or other agents which impact on the recipients' 
immune system. In this case, it is desirable for the polynucleotide to be 
in a physiologically acceptable solution, such as, but not limited to, 
sterile saline or sterile buffered saline. Alternatively, the DNA may be 
associated with liposomes, such as lecithin liposomes or other liposomes 
known in the art, as a DNA-liposome mixture, or the DNA may be 
associated with an adjuvant known in the art to boost immune responses, 
such as a protein or other carrier. Agents which assist in the cellular 
uptake of DNA, such as, but not limited to, calcium ions, may also be 
used to advantage. These agents are generally referred to herein as 
transfection facilitating reagents and pharmaceutically acceptable 
carriers. Techniques for coating microprojectiles coated with 
polynucleotide are known in the art and are also useful in connection 
with this invention. 

Accordingly, one embodiment of this invention is a 
polynucleotide which, upon introduction into mammalian tissue, induces 
the co-expression in a single cell, in vivo , of two or three different, 
discrete gene products, comprising: 

a first transcriptional promoter which operates efficiently in eukaryotic 
cells upstream from and in transcriptional control of a first cistron; 
a second cistron downstream from the first cistron, under 
transcriptional control either of the first transcriptional promoter, or 
under control of a second transcriptional promoter; 
optionally, a third cistron downstream from the second cistron, under 
transcriptional control either of the first transcriptional promoter, 
under control of a second transcriptional promoter, or under control of 
a third transcriptional promoter; 

a transcriptional terminator following each of the first, second and third 
cistron, unless followed by another citron lacking its own 
transcriptional promoter. 
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In another embodiment, the invention is a polynucleotide 
which comprises contiguous nucleic acid sequences which cannot 
replicate in eukaryotic cells but which are capable of being expressed to 
produce a gene product upon introduction of the polynucleotide into 
eukaryotic tissues in vivo . The encoded gene product preferably either 
acts as an immunostimulant or as an antigen capable of generating an 
immune response. Thus, the nucleic acid sequences in this embodiment 
encode a spliced REV gene, a human immunodeficiency virus (HIV) 
immunogenic epitope, and optionally, a cytokine or a T-cell 
costimulatory element, such as a member of the B7 family of proteins. 

In another embodiment, the invention is a method for co- 
expression in a single cell, in vivo , of two or three different, discrete 
gene products, which comprises introducing between about 0.1 \ig and 
100 mg of a polynucleotide of this invention into the tissue of the 
vertebrate. 

In another embodiment, the invention is a method for using 
a REV dependent HIV gene to induce immune responses in vivo which 
comprises: 

a) isolating the REV dependent HIV gene; 

b) linking the isolated gene to regulatory sequences such 
that the gene is expressible by virtue of being operatively linked to 
control sequences which, when introduced into a living tissue, direct the 
transcription initiation and subsequent translation of the gene; 

c) introducing the expressible gene into a living tissue; 

d) introducing a gene encoding HIV REV either in trans or 
in cis to the HIV REV dependent gene; and 

e) optionally, boosting with additional expressible HIV 

gene. 

A further embodiment of this invention amounts to a 
method of inducing an antigen presenting cell to stimulate cytotoxic T- 
cell proliferation specific to HIV antigens. This involves exposing cells 
of a vertebrate in vivo to a polynucleotide which consists of an antigenic 
HIV epitope, REV if the antigenic HIV epitope depends on REV for 
efficient expression, and B7 encoding sequences. 



The following examples are provided to further define the 
invention, without limiting the invention to the specifics of the 
examples. 

Materials descriptions 

Vectors pF41 1 and pF412: These vectors were subcloned 
from vector pSP62 which was constructed in R. Gallo's lab. pSP62 is 
an available reagent from Biotech Research Laboratories, Inc. pSP62 
has a 12.5 kb Xbal fragment of the HXB2 genome subcloned from 
lambda HXB2. Sail and Xba I digestion of pSP62 yields to HXB2 
fragments: 5'-XbaI/SalI, 6.5 kb and 3'- Sall/Xbal, 6 kb. These inserts 
were subcloned into pUC 18 at Smal and Sail sites yielding pF41 1 (5 - 
Xbal/Sall) and pF412 (3'-XbaI/SalI). pF41 1 contains gag/pol and 
pF412 contains tat/re v/env/nef. 

Repligen reagents: 
recombinant rev (HIB), #RP1024-10 
rec. gpl20 (HIB), #RP1001-10 
anti-rev monoclonal antibody, #RP1029-10 
anti-gpl20 mAB, #1C1, #RP1010-10 

AIDS Research and Reference Reagent Program: 
anti-gp41 mAB hybridoma, Chessie 8, #526 

EXAMPLE 1 
VECTORS FOR V ACCINF. PRODUCTION 

A) VI : The expression vector VI was constructed from pCMVTE-AKI- 
DHFR [Y. Whang et al, J. Virol. 61, 1796 (1987)]. The AKI and 
DHFR genes were removed by cutting the vector with EcoR I and self- 
ligating. This vector does not contain intron A in the CMV promoter, 
so it was added as a PCR fragment that had a deleted internal Sac I site 
[at 1855 as numbered in B.S. Chapman et al, Nuc. Acids Res. 19, 3979 
(1991)]. The template used for the PCR reactions was pCMVintA-Lux, 
made by ligating the Hind III and Nhe I fragment from pCMV6al20 



[see B.S. Chapman et al., ibid.,] which includes hCMV-IEl 
enhancer/promoter and intron A, into the Hind HI and Xba I sites of 
pBL3 to generate pCMVlntBL. The 1881 base pair luciferase gene 
fragment (Hind Hl-Sma I Klenow filled-in) from RSV-Lux [J.R. de Wet 
et ai, Mol. Cell Biol. 7, 725, 1987] was cloned into the Sal I site of 
pCMVlntBL, which was Klenow filled-in and phosphatase treated. 

The primers that spanned intron A are: 
5' primer, SEQ. ID:7: 

5 -CTATATAAGCAGAG CTCGTTTAG-3'; The 3* primer, SEQ ID:8: 
5 -GTAGCAAAGATCTAAGGACGGTGA CTGCAG-3'. 

The primers used to remove the Sac I site are: 
sense primer, SEQ ID:9: 

5-GTATGTGTCTGAAAATGAGCGTGGAGATTGGGCTCGCAC-3' 
and the antisense primer, SEQ ID: 10:, 

5 ' -GTGCG AGCCC A ATCTCC MTGCTC ATTTTC AG AC AC A TAC-3 '. 

The PCR fragment was cut with Sac I and Bgl II and 
inserted into the vector which had been cut with the same enzymes. 

R-t VI J EXPRESSION VE CTOR SEP. ID: 12: 

Our purpose in creating V1J was to remove the promoter 
and transcription termination elements from our vector, VI, in order t( 
place them within a more defined context, create a more compact 
vector, and to improve plasmid purification yields. 

VI J is derived from vectors VI, (see Example 1) and 
pUC18, a commercially available plasmid. VI was digested with Sspl 
and EcoRI restriction enzymes producing two fragments of DNA. The 
smaller of these fragments, containing the CMVintA promoter and 
Bovine Growth Hormone (BGH) transcription termination elements 
which control the expression of heterologous genes (SEQ ID: 13:), was 
purified from an agarose electrophoresis gel. The ends of this DNA 



- 40 - 



fragment were then "blunted" using the T4 DNA polymerase enzyme in 
order to facilitate its ligation to another "blunt-ended" DNA fragment. 

pUCJ8 was chosen to provide the "backbone" of the 
expression vector. It is known to produce high yields of plasmid, is 

5 well-characterized by sequence and function, and is of minimum size. 
We removed the entire lac operon from this vector, which was 
unnecessary for our purposes and may be detrimental to plasmid yields 
and heterologous gene expression, by partial digestion with the HaeEl 
restriction enzyme. The remaining plasmid was purified from an 

10 agarose electrophoresis gel, blunt -ended with the T4 DNA polymerase , 
treated with calf intestinal alkaline phosphatase, and ligated to the 
CMVintA/BGH element described above. Plasmids exhibiting either of 
two possible orientations of the promoter elements within the pUC 
backbone were obtained. One of these plasmids gave much higher 

15 yields of DNA in E. coli and was designated VI J (SEQ. ID: 12:). This 
vector's structure was verified by sequence analysis of the junction 
regions and was subsequently demonstrated to give comparable or 
higher expression of heterologous genes compared with VI. 

20 C) VUneo EXPRESSION VECTOR. SEP. ID: 14 : 

It was necessary to remove the amp 1 * gene used for 
antibiotic selection of bacteria harboring VI J because ampicillin may 
not be used in large-scale fermenters. The amp r gene from the pUC 
backbone of VI J was removed by digestion with Sspl and Eaml 1051 
restriction enzymes. The remaining plasmid was purified by agarose 
gel electrophoresis, blunt-ended with T4 DNA polymerase, and then 
treated with calf intestinal alkaline phosphatase. The commercially 
available kan r gene, derived from transposon 903 and contained within 
the pUC4K plasmid, was excised using the PstI restriction enzyme, 

3 purified by agarose gel electrophoresis, and blunt-ended with T4 DNA 
polymerase. This fragment was ligated with the V1J backbone and 
plasmids with the kan r gene in either orientation were derived which 
were designated as VI Jneo #'s 1 and 3. Each of these plasmids was 
confirmed by restriction enzyme digestion analysis, DNA sequencing of 
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the junction regions, and was shown to produce similar quantities of 
plasmid as VI J. Expression of heterologous gene products was also 
comparable to V1J for these VI Jneo vectors. We arbitrarily selected 
VlJneo#3, referred to as VUneo hereafter (SEQ. ID:14:), which 
contains the kan r gene in the same orientation as the amp r gene in VI J 
as the expression construct. 

D) VUns EXPRESSION VECTOR: 

An Sfi I site was added to VI Jneo to facilitate integration 
studies. A commercially available 13 base pair Sfi I linker (New 
England BioLabs) was added at the Kpn I site within the BGH sequence 
of the vector. VI Jneo was linearized with Kpn I, gel purified, blunted 
by T4 DNA polymerase, and ligated to the blunt Sfi I linker. Clonal 
isolates were chosen by restriction mapping and verified by sequencing 
through the linker. The new vector was designated VUns. Expression 
of heterologous genes in VUns (with Sfi I) was comparable to 
expression of the same genes in VI Jneo (with Kpn I). 

E) pGEM-3-IRES : The encephalomyocarditis virus (EMCV) internal 
ribosomal entry site (IRES) allows efficient expression of two genes 
within a single mRNA transcript when it is juxtaposed between them. 
We have utilized this non-coding gene segment to create dicistronic 
expression vectors for polynucleotide vaccines. The EMCV IRES 
segment was subcloned as a 0.6 kb EcoRl/BssHII digestion fragment 
from the pCITE-1 plasmid (Novagen). This fragment was agarose gel- 
purified, blunt -ended using T4 DNA polymerase and subsequently 
ligated into pGEM-3 (Promega) which had been Xbal-digested, blunt- 
ended with T4 DNA polymerase, and phosphatased. Clones were 
obtained for each of the two possible orientations of this DNA within 
pGEM-3 and each junction site verified by DNA sequencing. The 
preferred orientation for subsequent construction of dicistronic vectors 
positioned the Ncol site within the IRES proximal to BamHI site within 
pGEM-3. This vector is referred to as pGEM-3-IRES. 



F) pGFM-3-IRES* : A second IRES vector was prepared containing 
mutations in the IRES sequence (IRES*) conferred by a PCR oligomer 
which may optimize IRES-driven expression compared to wild type 
IRES. PCR amplification of IRES* was performed using pCITE-1 
plasmid (Novagen) with the following sense and antisense oligomers: 
5 -GGT ACA AGA TCT ACT ATA GGG AGA CCG GAA TTC Gee- 
s', SEQ. ID:1 1:, and 5-CCA CAT AGA TCT GTT CCA TGG TTG 
TGG CAA TAT TAT CAT CG-3', SEQ. ID:15:, respectively. The 
mutated residue, underlined in the antisense codon, eliminates an 
upstream ATG from the preferred ATG contained within the 
Ncol/Kozak sequence at the 3'-terminal end of the IRES 

n ) ^FM-VTRRS/ftEV : HlVurb REV was PCR amplified from 
pCV-1 (catalogue #303, NIH AIDS Research and Reference Program) 
using synthetic oligomers. The sense and antisense oligomers were 5'- 
GGT ACA AGA TCT ACCATGGCA GGA AGA AGC GGA GAC 
AGC-3' SEQ. ID: 16:, and 5-CCA CAT AGA TCT GAT ATC GCA 
CTA TTC TTT AGC TCC TGA CTC C-3\ SEQ. ID:17:, respectively. 
These oligomers provide Bglll sites at either end of the translation open 
reading frame as well as an EcoRV site directly upstream from the 
Bglll site at the S'-terminal end of rev. After PCR, the REV gene was 
treated with Ncol (located within the Kozak sequence) and Bglll 
restriction enzymes and ligated with pGEM-3-IRES which had been 
treated with Ncol and BamHI restriction enzymes. Each ligation 
junction as well as the entire 0.3 kb REV gene was confirmed by DNA 
sequencing. 

m VUns-tPA : In order to provide an heterologous leader peptide 
sequence to secreted and/or membrane proteins, VUn was modified to 
include the human tissue-specific plasminogen activator (tPA) leader. 
Two synthetic complementary oligomers were annealed and then ligated 
into VUn which had been Bglll digested. The sense and antisense 
oligomers were 5 -GATC ACC ATG G AT GCA ATG AAG AGA GGG 
CTC TGC TGT GTG CTG CTG CTG TGT GGA GCA GTC TTC GTT 
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TCG CCC AGC GA-3', SEQ.ID:18:, and 5 -GAT CTC GCT GGG CGA 
AAC GAA G AC TGC TCC ACA CAG CAG CAG CAC ACA GCA 
GAG CCC TCT CTT CAT TGC ATC CAT GGT-3', SEQ. ID: 19:. The 
Kozak sequence is underlined in the sense oligomer. These oligomers 

5 have overhanging bases compatible for ligation to Bglll-cleaved 

sequences. After ligation the upstream Bgffl site is destroyed while the 
downstream Bglll is retained for subsequent ligations. Both the 
junction sites as well as the entire tPA leader sequence were verified by 
DNA sequencing. Additionally, in order to conform with our consensus 

10 optimized vector VUns (=VUneo with an Sfil site), an Sfil restriction 
site was placed at the Kpnl site within the BGH terminator region of 
VUn-tPA by blunting the Kpnl site with T4 DNA polymerase followed 
by ligation with an Sfil linker (catalogue #1 138, New England Biolabs). 
This modification was verified by restriction digestion and agarose gel 
electrophoresis. 

T) VITns-HTVTrrh REV : REV was amplified by PCR as described 
above for pGEM-3-IRES/fi£V, digested with Bglll restriction enzyme, 
and ligated into VUns which had been Bglll- and calf intestinal alkaline 
20 phosphatase-treated. Ligation junctions were confirmed by DNA 

sequencing and expression of REV was verified by in vitro transfection 
of RD cells and immunoblot analysis (greater than 1 M-g REV obtained 
per 10 6 cells). 

25 j) pGKM-3-RRH/IRES/REV : In order to make a cassette consisting of 
the REV response element (RRE) which is required to be on an RNA 
transcript in order for REV-dependent expression to occur, the RRE 
from HTV strain HXB2 was obtained by PCR using the following 
synthetic oligomers: sense oligomer, 5'-GGT ACA TGA TCA GAT 

30 ATC GCCC GGG C CGA GAT CTT CAG ACT TGG AGG AGG AG- 
S', SEQ.ID:20:; and antisense oligomer, 5 -CCA CAT TGA TCA G 
CTT GTG TAA TTG TTA ATT TCT CTG TCC-3\ SEQ.ED:21:. 
These oligomers provide Bell restriction sites at either end of the insert 
as well as EcoRV and Srfl sites at the 5'-end of the insert. The RRE 
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was blunt-end ligated into pGEM-3-/IRES/REV at the HincII restriction 
site which precedes IRES. The ligation products were verified by 
restriction enzyme mapping and by DNA sequencing across the ligation 
junctions. 

EXAMPLE 2 

gp!20 Vaccines: 

Expression of the REV -dependent env gene as gpl20 was 
conducted as follows: gpl20 was PCR -cloned from the MN strain of 
HIV with either the native leader peptide sequence (VI Jns-gpl20), or as 
a fusion with the tissue-plasminogen activator (tPA) leader peptide 
replacing the native leader peptide (VUns-tPA-gpl20). tPA-gpl20 
expression has been shown to be /^EV-independent [B.S. Chapman et al., 
Nuc. Acids Res. 19, 3979 (1991); it should be noted that other leader 
sequences would provide a similar function in rendering the gpl20 gene 
REV independent]. This was accomplished by preparing the following 
gpl20 constructs utilizing the above described vectors: 

I. gp!20 VACCINE CONSTRUCTS: 

A) VlJns-tPA-HIVM N gp!20 : HIVMN gp 120 gene (Medimmune) 
was PCR amplified using oligomers designed to remove the first 30 
amino acids of the peptide leader sequence and to facilitate cloning into 
VUns-tPA creating a chimeric protein consisting of the tPA leader 
peptide followed by the remaining gpl20 sequence following amino acid 
residue 30. This design allows for REV -independent gpl20 expression 
and secretion of soluble gpl20 from cells harboring this plasmid. The 
sense and antisense PCR oligomers used were 5'-CCC CGG ATC CTG 
ATC ACA GAA AAA TTG TGGGTC ACA GTC-3\ SEQ. ID:22:, and 
5-C CCC AGG AATC CAC CTG TTA GCG CTT TTC TCT CTG 
CAC CAC TCT TCT C-3\ SEQ. ID:23:. The translation stop codon is 
underlined. These oligomers contain BamHI restriction enzyme sites at 
either end of the translation open reading frame with a Bell site located 
3' to the BamHI of the sense oligomer. The PCR product was 
sequentially digested with Bell followed by BamHI and ligated into 
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VUns-tPA which had been BglH digested followed by calf intestinal 
alkaline phosphatase treatment. The resulting vector was sequenced to 
confirm inframe fusion between the tPA leader and gpl20 coding 
sequence, and gpl20 expression and secretion was verified by 
immunoblot analysis of transfected RB cells. Thus, this vector encoding 
the tPA-HIVMN-gpl20 is useful for inclusion in a bi- or tri-cistronic 
construct expressing gag, B7 or other antigens. 

R'l Vl-tPA-HTVMN gr>120 : A slightly different version of the chimeric 
tPA-HIVMN gpl20 vector described above was made using an earlier 
version of our basic vaccine expression vector, VI (see Nucleic Acid 
Pharmaceuticals patent), which contained a somewhat different tPA 
peptide leader sequence from that described for VUns-tPA. 

In either of the foregoing PNV constructs, provision of an IRES 
sequence after the translation stop codon, and downstream cloning of 
immunomodulatory genes such as B7, provides bi- or tri-cistronic 
polynucleotides useful according to the method of this invention. These 
PNV's efficiently express both gene products. 

C) V 1 Tns-tPA-HTVTTTR gp!20 : This vector is analogous to I.A. except 
that the HIV HIB strain was used for gpl20 sequence. The sense and 
antisense PCR oligomers used were: 5 -GGT ACA TGA TCA CA GAA 
AAA TTG TGG GTC ACA GTC-3', SEQ.ID:24:, and 5 -CCA CAT 
TGA TCA GAT ATC TTA TCT TTT TTC TCT CTG CAC CAC TCT 
TC-3', SEQ.ID:25:, respectively. These oligomers provide Bell sites at 
either end of the insert as well as an EcoRV just upstream of the Bell 
site at the 3'-end. The 5'-terminal Bell site allows ligation into the 
Bgin site of VUns-tPA to create a chimeric tPA-gpl20 gene encoding 
the tPA leader sequence and gpl20 without its native leader sequence. 
Ligation products were verified by restriction digestion and DNA 
sequencing. 
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II. IN VITRO gp!20 VACCTNE EXPRESSION: 

In vitro expression was tested in transfected human rhabdomyosarcoma 
(RD) cells for these constructs. Quantitation of secreted tPA-gpl20 
from transfected RD cells showed that VUns-tPA-gpl20 vector 
produced secreted gpl20. 

ID. PN VIVO gp 120 VACCINATION: 
See figure 12 (mouse data): 



Anti-gpl20 ELLS A Titers Elicited 
hv Secreted gp!20 * 



15 



Species 



GMT (ranee) 



mouse 
(post 2 rounds, 200p.g 

per round) 



5,310 (1.8 x 103- 1.5 x 10 4 ) 



20 



rabbit 
(post 3 rounds, 2 mg 
per round) 



143 (75- 212) 



25 



A.G. monkey 
(post 2 rounds, 
2 mg per round) 



171 (< 10-420) 



*Using VlJns-tPA-gpl20mB as the inoculation vector, intramuscularly. 
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V1TnQ-tPA-f y p12QyrN] PNV -induced Cl ass TI MHC- 
restricted T lvmphocvte ffp120 speci fic antigen reactivities. Balb/c mice 
which had been vaccinated two times with 200 y.g VUns-tPA-gpl20MN 
were sacrificed and their spleens extracted for in vitro determinations 
of helper T lymphocyte reactivities to recombinant gpl20. T cell 
proliferation assays were performed with PBMC (peripheral blood 
mononuclear cells) using recombinant gpl20niB (Repligen, catalogue 
#RP 101 6-20) at 5 |ig/ml with 4 x 10 5 cells/ml. Basal levels of 3 H- 
thymidine uptake by these cells were obtained by culturing the cells in 
media alone, while maximum proliferation was induced using ConA 
stimulation at 2 ng/ml. ConA-induced reactivities peak at ~3 days and 
were harvested at that time point with media control samples while 
antigen-treated samples were harvested at 5 days with an additional 
media control. Vaccinated mice responses were compared with naive, 
age-matched syngenic mice. ConA positive controls gave very high 
proliferation for both naive and immunized mice as expected. Very 
strong helper T cell memory responses were obtained by gpl20 
treatment in vaccinated mice while the naive mice did not respond (the 
threshold for specific reactivity is an stimulation index (SI) of >3-4; SI 
is calculated as the ratio of sample cpm/media cpm). Si's of 65 and 14 
were obtained for the vaccinated mice which compares with anti-gpl20 
ELISA titers of 5643 and 1 1 ,900, respectively, for these mice. 
Interestingly, for these two mice the higher responder for antibody gave 
significantly lower T cell reactivity than the mouse having the lower 
antibody titer. This experiment demonstrates that the secreted gpl20 
vector efficiently activates helper T cells in vivo as well as generates 
strong antibody responses. In addition, each of these immune responses 
was determined using antigen which was heterologous compared to that 
encoded by the inoculation PNV (IHB vs. MN): 



19188Y 




- 48 - 



10 



15 



Splenic T Cell Proliferation Responses to rgp120 Following 
Vaccination with V1 Jns-tPA-gp1 20m n 

Avg. CPM (Stimulation Index) 

Mouse #(agp120 titer)3 Medial ConA 1 Media2 

rgp120 2 

#1 (naive; <10) 339 (1) 185,358 (546) 187 (1) 574 (3) 

#2 (naive; <10) 237 (1) 229,775 (969) 283 (1) 51 1 
(1.8) 

#3 (immune; 5643) 317 (1) 221,003 (697) 354 (1) 
23,109 (65) 

#4 (immune; 11,900) 229 (1)' 243,427 (1063) 235 (1) 
3384 (14) 

1 Cells harvested on day 4 following 24 hr with 3 H -thymidine. 
ConA was used at 2 ug/ml concentration. 

2Cells harvested on day 5 following 24 hr with 3 H -thymidine. 
Recombinant gp120|||B was used at 5 ug/ml concentration. 

3Anti-gp120|||B reciprocal endpoint ELISA titers and 
proliferation assays performed following 2 rounds of 200 ug 
DNA/mouse (Balb/c). 

The foregoing data clearly demonstrates efficient in vivo 
expression of relevant HIV antigens with a polynucleotide vaccine 
3 o antigen and elicitation of specific immune responses to the expressed 
gene product. This construct is easily modified to form a bi-cistronic 
PNV of this invention by including, downstream from the gpl20 
translation stop codon, an second or third cistron encoding REV, B7, 
gag or other antigens unrelated to HIV, such as influenza nucleoprotein 
or hemagglutinin encoding genes. 



20 



25 



FX AMPLE 3 

pplf>n VACCINES 

In addition to secreted gpl20 constructs, we have prepared 
expression constructs for full-length, membrane -bound gpl60. The 
rationales for a gpl60 construct, in addition to gpl20, are (1) more 
epitopes are available both for both CTL stimulation as well as 
neutralizing antibody production including g P 41, against which a potent 
HIV neutralizing monoclonal antibody (2F5, see above) is directed; (2) 
a more native protein structure may be obtained relative to virus- 
produced g P 160; and, (3) the success of membrane-bound influenza HA 
constructs for immunogenicity [Ulmer et al., Science 259:1745-1749 
1993; Montgomery, D., et al., DNA and Cell Biol., 12:777-783, 1993]. 

gpl60 retains substantial REV dependence even with a 
heterologous leader peptide sequence. Therefore, two strategies 
independent from that employed for gpl20 expression were developed 
for preparing a gpl60 expression vector: (1) subclomng mto VUns a 
genomic HIV DNA fragment reported to be effective for heterologous 
gpl60 expression containing tat, REV and gpl60 in entirety (VI Jns- 
tatlREVIenv ), [Wang et al., P.N.A.S. USA 90:4156-4160 (May, 1993); 
all of the data reported in that study were generated using bupivacaine 
injection about 24 hours prior to nucleic acid injection. As bupivicame 
is known to cause muscle damage, this is a regiment that clearly could 
not be used to immunize humans], and (2) PCR -cloning a minimal 
gpl60 ORF into a dicistronic vector before the EMCV internal 
ribosomal entry site (IRES) to efficiently reinitiate translation following 
gpl60 translation for a second cistron encoding REV. This construct 
ensures effective simultaneous production of both gpl60 and REV 
proteins (V 1 Jns-gpieO/IRES/rev). Each of these vectors has been 
prepared in addition to the monocistronic vectors VlJns-gpl60 and 
VUns-/f£V. Because there is evidence, in the literature and from our 
own experiments (see below), that the env mRNA requires the tat/REV 
splice donor (SD) site for stability in heterologous expression systems, 
VUns-gpl60 and VI Jns-gpl60/IRES//teV were also prepared with this 
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SD inserted upstream of the env ORF. These vaccine constructs were 
prepared as follows. 

I. gp!60 VACCINE CONSTRUCTS: 

Both gpl60 expression vectors, VlJns-gpl60 and VUns- 
gpl60/IRES/rev (see A and B below) were prepared with the tat/rev 
splice donor (SD) inserted immediately upstream of gpl60 sequences at 
the PstI site within VUns (this is the solitary PstI site within both of 
these vectors). Synthetic complementary oligomers encoding the SD 
were designed to ligate into the PstI site retaining the original site at the 
5'-end but destroying the PstI site at the 3'-end of the insert after 
ligation. The oligomer sequences used were: 5-GTC ACC GTC CTC 
TAT CAA AGC AGT AAG TAG TAC ATG CA-3', SEQTD:26: and 
5 -TGT ACT ACT TAC TGC TTT GAT AGA GGA CGG TGA CTG 
CA-3\ SEQTD:27:. The resulting plasmids were verified by restriction 
digestion mapping and by DNA sequencing across the entire SD/PstI 
region. 

A). VlJns-HIVTT Th gpl60 : HlVlUb gpl60 was cloned by PCR 
amplification from plasmid pF412 which contains the 3'-terminal half 
of the HlVnib genome derived from HlVmb clone HXB2. The PCR 
sense and antisense oligomers were 5-GGT ACA TGA TCA ACC ATG 
AGA GTG AAG GAG AAA TAT CAG C-3', SEQ. ID:28:, and 5-CCA 
CAT TGA TCA GAT ATC CCC ATC TTA TAG CAA AAT CCT TTC 
C-3\ SEQ. ID:29:, respectively. The Kozak sequence and translation 
stop codon are underlined. These oligomers provide Bell restriction 
enzyme sites outside of the translation open reading frame at both ends 
of the env gene. (Bell -digested sites are compatible for ligation with 
BglD-digested sites with subsequent loss of sensitivity to both restriction 
enzymes. Bell was chosen for PCR-cloning gpl60 because this gene 
contains internal BglH and as well as BamHI sites). The antisense 
oligomer also inserts an EcoRV site just prior to the Bell site as 
described above for other PCR-derived genes. The amplified gpl60 
gene was agarose gel-purified, digested with Bell, and ligated to VUns 
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which had been digested with Bgin and treated with calf intestinal 
alkaline phosphatase. The cloned gene was about 2.6 kb in size and each 
junction of gpl60 with VUns was confirmed by DNA sequencing. 

5 p) vnn C -mv TTT > fr pifiO/TRES/KEV : pGEM-3-IRES/fl£V was 
digested with HinDE and Smal restriction enzymes (contained within 
the pGEM-3 multi-linker region) to remove the entire IRES/REV 
sequence (-0.9 kb) and then ligated with VlJns-HIVnibgpl60 which 
had been digested with EcoRV and phosphatased. This procedure 

1 0 yielded an 8.3 kb dicistronic V 1 Jns containing gp 1 60 followed by IRES 
and REV which directs expression of both of these HIV gene products. 
All of the junction regions were verified by DNA sequencing. 

C) VI In^-tPA-HTVTTTR gp!60 : This vector is similar to Example 2(C) 
15 above, except that the full-length gpl60, without the native leader 

sequence, was obtained by PCR. The sense oligomer was the same as 
used in I.C. and the antisense oligomer was 5'-CCA CAT TGA TCA 
GAT ATC CCC ATC TTA TAG CAA AAT CCT TTC C-3', 
SEQ.ED:30:. These oligomers provide Bell sites at either end of the 
20 insert as well as an EcoRV just upstream of the Bell site at the 3'-end. 
The 5'-terminal Bell site allows ligation into the BglD site of VUns-tPA 
to create a chimeric tPA-gpl60 gene encoding the tPA leader sequence 
and gp 160 without its native leader sequence. Ligation products were 
verified by restriction digestion and DNA sequencing. 

25 

D) Vllns-tnt/rpv/envj im: This expression vector is patterned after one 
described by D. Rekosh et al. [Proc. Natl. Acad. Sci. USA, 85, 334 
(1988)] employing a "genomic" segment of an HTV-1 EQB clone (HXB2) 
encompassing unspliced tat, rev, and env in their entirety. VI Jns was 

3 0 digested with BglD followed by T4 DNA polymerase blunting and calf 
intestinal alkaline phosphatase treatment. A Sall/Xhol fragment of the 
IHJB genome contained within pF412 was obtained by restriction 
digestion and blunted with T4 DNA polymerase. Ligation products 
were verified by restriction digestion mapping and DNA sequencing. 
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E) vnns-r*v/gnvIIIB : This vector is a variation of the one described in 
section D above except that the entire tat coding region in exon 1 is 
deleted up to the beginning of the REV open reading frame. VI Jns- 

5 gpl60niB (see section A. above) was digested with PstI and Kpnl 
restriction enzymes to remove the 5'-region of the gpl60 gene. PCR 
amplification was used to obtain a DNA segment encoding the hrstREV 
exon up to the Kpnl site in gpl60 from the HXB2 genomic clone. The 
sense and antisense PCR oligomers were 5'-GGT ACA CTG CAG TCA 

10 CCG TCC T ATG GCA GGA AGA AGC GGA GAC-3', SEQ.ID:31: 
and 5'-CCA CAT CA GGT ACC CCA TAA TAG ACT GTG ACC-3", 
SEQ ID 32: respectively. These oligomers provide PstI and Kpnl 
restriction enzyme sites at the 5'- and 3'- termini of the DNA fragment, 
respectively. The resulting DNA was digested with PstI and Kpnl, 

15 purified from an agarose electrophoretic gel, and ligated with VlJns- 
gP 160(PstI/KpnI). The resulting plasmid was verified by restriction 
enzyme digestion. 

n m VTTRO EXPRESSION OF g p^O VACCINE: 
20 RD and 293 C ells were transiently transfected with gpl60 

and REV expression constructs. A Western blot analysis shown in Fig. 
5 using an anti-gp41 monoclonal antibody (Chessie 8, NTH AIDS 
Research and Reference Program #526) showed that g P 160 expression 
by VlJns-gpl60 (SD) required the addition of VUns-REV (this vector 
25 produces > 1 |Xg REV/10 6 cells in transient transfections). VUns- 

gpl60/IRES/REV efficiently expressed gpl60 without additional REV 
added in trans, confirming function of the dicistron. Similar results 
were found with an anti-gpl20 monoclonal antibody (1C1, Rephgen, 
#RP1010-10) for immunoblot visualization. Proteolytic processing of 
30 gpl60 to the mature gpl20 and gp41 forms was observed for each 

vector. Addition of REV in trans to the dicistronic gpl60/REV vector 
did not result in more gpl60 expression indicating that REV expression 
is not limiting for gpl60 expression in this vector. Expression of gpl60 
improved if the tat/REV SD was included within dicistronic gpl60/REV 
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construct indicating the importance of this site for optimal REV- 
dependent gpl60 expression. We were also surprised to discover that 
dicistronic gpl60/REV expressed more than ten-fold more gpl60 than 
the genomic tat/REV/env construct for transient transfections, again 

5 demonstrating the high efficiency of this vector for gpl60 expression. 

These vectors provide nucleic acid constructs for gp!60 
plasmid vaccinations with gpl60 and REV genes either on separate 
plasmids or on the same plasmid. In the case of the tpa-gpl60 
construct, REV need not be provided in cis or in trans to achieve 

10 efficient gpl60 expression, therefore allowing other genes to be 
incorporated in a dicistronic construct. 

For the REV-dependent constructs, it is important to test 
whether effective gpl60 expression following vaccination requires REV 
to be present on the same plasmid because very small quantities of DN A 

15 are taken up by muscle cells following intramuscular injection, and 
individual muscle cells (each having hundreds of nuclei) may not 
receive copies of different plasmids in proximal locations within the 
cell. 

20 TTT. TN VTVO VACCINATION WITH gp!6 0 VACCINES: 

Three different vector strategies were compared for their 
abilities to induce anti-gpl20 antibody responses in nonhuman primates 
using PNVs encoding gpl60: vaccination with (1) dicistronic 
gpl60/REV using VUns-gpl60niB/IRES/REV (SD); (2) the genomic 

25 gpl60 construct VUns/tat/rev/envHIB; and (3) a mixture of 
monocistronic vectors, VDns-gpl60lHB (SD) and VlJns-REV. 
Vaccination doses of 2 mg/animal were used for up to three vaccination 
rounds which were delivered at one month intervals while 
simultaneously obtaining bleeds. Anti-gpl20 ELISA titers using 

30 recombinant gpl 20UIB are shown for monkeys vaccinated with each of 
these vectors. Dicistronic gpl60/REV elicited antibody responses in 
both rhesus and African Green monkeys while the genomic gpl 60 and 
mixed monocistronic vectors did not elicit detectable antibodies after 
two rounds of vaccination (i.e., one month following the second 
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vaccination). All four monkeys which received dicistronic gpl60/REV 
also showed specific anti-gp41 reactivities as measured by the BIAcore 
assay using recombinant gp41 (ABT) as the immobilized substrate (data 
not shown). The sera obtained from these monkeys also showed anti- 
V3HIB ELISA reactivities with titers ranging from -50 - 100. These 
results prove that in vivo expression induced by PNV for multiple 
cistrons is not analogous to results obtained by invitro transfection 
methods in which gpl60 expression was shown for all three vector 
strategies. Note especially that in vitro transfection resulted in 
equivalent expression by the mixed monocistronic gpl60 and REV 
vectors as compared to dicistronic gpl60/REV (see Fig. 5). These 
experiments prove that our dicistronic PNVs do deliver effective 
coordinate expression following in vivo vaccination while other 
methods of vaccination with multiple cistrons were unable to do so. 
See figure 9, showing two African Green Monkeys and two rhesus 
monkeys and one rabbit's immune responses. 



20 



25 



30 
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Anti-nn12 0 F' 'SA Titers Flinited bY HPlfiQ PNVs 
in Non-Hum ^n Primates 

? Tlfl PN A P fir round 

Ti ter 

Vgrtnr/Snecies POSt 2 ^* P££U1^ 



V1 Ans-tat/rev/env ihr : 

African Green (#1) <20 
(#2) 
(#3) 



ND 1 

<20 ND 

<20 



V1.lns-QDl60iiiR + VU nS-rev 2 : 
African Green (#1) 
(#2) 
(#3) 

vl.lns-aDl60 l iiR/lRES//-p y. : 
African Green (#1) 
(#2) 

Rhesus (#1) 



<20 ND 
<20 ND 
<20 ND 



85 90 
75 60 

165 175 



(#2) 290 260 

1ND ■ not determined. 

2This PNV represents an equimolar mixture of the two monocistronic 
vectors. 
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Anti-VS^ ELISA Titers Elicited bv o p160/reu Dicistron 
in Non-Human Primates. 2 ma DNA per round 

Species (animal #) Titer (post 3l £l vaccination) 

African Green (#1) 70 

(#2) 45 

Rhesus (#1) 5 5 

(#2) 100 

*Using V1 Jns-gp1 60mB/IRES/rev as the inoculation vector. 



EXAMPLE 4 

srv VACCINES 

An SIV env construct, VUn-SIV gpl52, was made by 
PCR-cloning from a genomic clone of the SIVMAC25 1 virus isolate and 
confirmed by DNA sequencing of both junctions with the vector. This 
strain is homologous to the virus which is used at the New England 
Regional Primate Center (NRPC) for infectious SIV challenges to 
rhesus monkeys. A similar SIV gpl52 construct is prepared in which 
the DNA encoding the leader peptide region uses alternative codons but 
which retains the native amino acid sequence. This reduces the REV- 
dependence of this construct and makes a more stable mRNA transcript. 
These vaccine constructs were prepared as follows. 

I. STV VACCINE CONSTRUCTS: 

A). V1J-SIVMAC25] p28 gag : The central peptide of 
SIV gag , referred to as p28 gag , was chosen for a polynucleotide 
vaccine to test for CTL generation in nonhuman primates. This region 
of gag encodes a known CTL epitope for macaque monkeys which 
have the MHC Class I haplotype known as Mamu-AOl . Thus, monkeys 
bearing this haplotype should demonstrate CTL reactivity this gag 
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epitope after vaccination with the appropriate gag plasmid. While both 
SIV and HIV gag genes contain regulatory sequences which are REV 
dependent, p28 gag expression appears to be less REV -dependent so 
that at least some expression may be achieved in the absence of REV . 

SIV p28 gag was cloned into expression vectors VI using 
Bglll restriction enzyme sites after PCR amplification from the plasmid 
p239SpSp5' (obtained from the NIH AIDS Research and Reference 
Program, catalogue #829) using custom synthetic 
oligodeoxyribonucleotides. This plasmid encodes the 5'- half of the 
SIVMAC239 genome. SIVMAC 239 is a subsequent in vitro passage 
line of SIVMAC251 which has undergone some mutations compared to 
the parental virus. However, the amino acid sequences between these 
viruses are identical for p28 gag. The PCR sense and antisense 
oligomers were 5 -GGT ACA AGA TCT ACC ATG GGA CCA GTA 
CAA CAA ATA GGT GGT AAC-3 1 , SEQ. ID:33:, and 5-CCA CAT 
AGA TCT TTA CAT TAA TCT AGC CTT CTG TCC C-3\ SEQ. 
ID:34:. These oligos provide Bglll restriction enzyme sites outside the 
translational open frames, a consensus Kozak translation initiation codon 
context (underlined) and translation stop codon (underlined). PCR- 
generated p28 gag was agarose gel-purified, digested with Bglll and 
ligated into Bglll-treated, phosphatased VI. This gene was subsequently 
subcloned into our optimized expression vector, VI J, using Bglll 
restriction enzyme sites and designated as V1J-SIV p28 gag. The cloned 
gene was about 0.7 kb long. The junction sites of the VI J CMV 
promoter and S'terminus of p28 gag were verified by DNA sequence 
analysis for each construct. In vitro expression of SIV p28 protein was 
compared for VI J and VI constructs by Western blotting using plasma 
from an SIV -infected macaque monkey to detect gag protein. The VI J- 
SIV p28 gag construct consistently gave the most product at the 
appropriate molecular weight position. Similar and even improved 
results are obtained with the more optimized Vljneo, VUns and VI R 
vectors. 
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B) . V1J-SIVMAC251 nef: SIV nef was cloned after PCR 
amplification from the plasmid pBK28 which encodes the entire 
SIVMAC251 genome (a gift from Dr. Vanessa Hirsch, NIAID, NIH, 
Rockville, MD; now listed as catalogue #133, NTH AIDS Research and 
Reference Program). The PCR sense and antisense oligomers were 5'- 
GGT ACA ACC ATG GGT GGA GCT ATT TCC ATG AGG-3', SEQ. 
ID:35: and 5'-CCT AGG TTA GCC TTC TTC TAA CCT CTT CC-3\ 
SEQ. ID:36:. The Kozak site and translation stop codon are underlined. 
The amplified nef gene was agarose gel-purified, blunt-ended using T4 
DNA polymerase, phosphorylated at the 5'-terminus using T4 DNA 
kinase, and cloned into a blunted Bgin restriction enzyme site of VI J 
which had been phosphatased using calf intestinal alkaline phosphatase. 
The cloned gene was about 0.76 kb long. The junction site of the VI J 
CMV promoter and 5'-terminus of nef was confirmed by DNA 
sequencing. In vitro expression was shown using Western blot analysis 
and an HIV nef antiserum (catalogue #331, NIH AIDS Research and 
Reference Program). 

C) . VlJn-SrVMAC251 gpl52: SIV env , referred to as 
gpl52, was cloned after PCR amplification from the plasmid pBK28 
into VlJneo (see Nucleic Acid Pharmaceuticals patent). The PCR 
sense and antisense oligomers were 5'-GGT ACA AGA TCT ACC ATG 
GGA TGT CTT GGG AAT CAG C-3', SEQ. ID:37: and 5'-CCA CAT 
AGA TCT GAT ATC GTA TGA GTC TAC TGG AAA TAA GAG G- 
3', SEQ.ID:38. The Kozak site and amber translation stop codon are 
underlined. The PCR product has Bgin restriction enzyme sites outside 
the translation open reading frame at both ends with an additional 
EcoRV site immediately preceding the 3'-terminal BglH site but after 
the amber stop codon. This provides a convenient restriction enzyme 
site for subsequent cloning steps. The amplified gpl52 gene was 
agarose gel-purified, BglD-digested and ligated with VUn which had 
been Bglll-digested and phosphatased. The cloned gene was about 2.2 
kb long. The junctions at each end of gpl52 with VUn CMV promoter 
and BGH terminator regions were verified by DNA sequencing. 
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II. IN VIVO VACCINATION WITH SIV VACCINES: 

Two SIV gene constructs have been used for vaccination of 
rhesus monkeys and have been shown to generate specific CTL 
responses in non-human primates (see. figure 4). 

VI J-SIV p28 gag, which expresses the relatively REV- 
independent central peptide of gag, and VI J-SIV nef were i.m.-injected 
into Macaca mulatta monkeys at 3mg/vaccination for three injection 
rounds spaced one month apart. The gag-specific CTL response of 
rhesus monkeys with the Mamu-AOl MHC I haplotype is restricted 
primarily to a single peptide epitope within p28 gag. Mamu-AOl + 
monkeys receiving VI J-SIV p28 gag had gag-specific CTL activity 
beginning at one month after the second injection while Mamu-AOl " 
monkeys receiving this DNA as well as monkeys receiving VI J control 
DNA did not show a CTL response. Both in vitro, gag peptide- 
restimulated CTL as well as primary CTL were detected after the 
second and third vaccination rounds, respectively. These CTL activity 
levels were comparable to those generated by vaccinia-gag inoculation. 
Subsequently, the CTL levels declined in responding animals. These 
animals are re-vaccinated to boost the initial CTL response. VI J-SIV 
n<?/-vaccinated animals have not shown a specific CTL response, 
although a more refined assay, such as the one used for gag CTL 
detection, (i.e., no dominant MHC I haplotype/^^/ peptide relationship 
has been defined for rhesus monkeys so that peptides of unknown 
effectiveness are used for stimulation, and there is no positive control), 
may provide a different result. 

EXAMPLE 5 
OTHER VACCINE CONSTRUCTS 

A, VlJns-fflVTTTR gq g/po/-RRE/IRES/REV : Dicistronic 
expression vectors encoding gag with or without the protease region of 
pol were made by PCR amplification of HIVmB gag-pol sequences with 
several variations. Inclusion of the protease (prt) segment of pol 
allows proteolytic processing of gag into various peptides (e.g., pi 7, 
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p24, pi 5, etc.) which comprise the mature capsid particles while 
omission of this enzyme results in p55 synthesis in the form of 
immature capsid particles. More extensive sequences of pol were not 
included to avoid potential safety hazards that may be associated with 
the reverse transcriptase and integrase enzymatic activities of pol. For 
gag capsid particles, whether processed into the mature forms or not, to 
be extruded from cells myristoylation of the glycine amino acid at 
position two following the initial Met must occur. Mutagenesis of this 
glycine residue abrogates myristoylation and no gag particles are 
extruded from the cell. These modifications of gag allow us to 
determine whether either generation of anti-gag CTLs following 
vaccination with such gag vectors is affected by proteolytic processing 
and/or extrusion of capsid from cells. Some of the vectors listed below 
contain a splice donor (SD) site that is found upstream of the gag open 
reading frame. These vectors allow us to determine whether this SD is 
necessary for optimum rev-dependent expression of gag as was 
inclusion of the tat/rev SD for optimum gpl60 expression. 

n VMns-HTVTTTR gflg-prf/RRE/IRES/REV : Agag-prt 
encoding DNA segment was obtained by PCR amplification using the 
following sense and antisense oligomers: 5'-GGT ACA GGA TCC ACC 
ATG GGT GCG AGA GCG TCA GTA TTA AGC-3', SEQ.ID:39: and 
5 -CCA CAT GGA TCC GC CCG GGC TTA CAT CTC TGT ACA 
AAT TTC TAC TAA TGC-3", SEQ.ID:40:, respectively. These 
oligomers provide BamHl restriction enzyme sites at either end of the 
segment, a Kozak initiation of translation sequence including an Ncol 
site, and an Srfl site immediately upstream of the BamHI site at the 3'- 
terminus. The Srfl site was used to clone the RRE/IRES/REV cassette 
from pGEM-3-RRE/IRES/REV, which was excised using the EcoRV 
restriction enzyme, immediately downstream of gag-prt. All ligation 
junctions were DNA sequence verified and the construct was further 
verified by restriction enzyme mapping. 

?-> VI Ins-HTVTTTR pa B-nrtfR R F./TR ES/RE V(SD) : This 

vector was prepared exactly as vector 1 above except that the PCR sense 
oligomer used was 5 -GGT ACA GGA TCC CCG CAC GGC AAG 
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AGG CGA GGG-3', SEQ.ID:4I.\ This allows inclusion of the upstream 
SD site at the beginning of the gag sequence. This construct was 
verified by restriction enzyme mapping and DNA sequencing of the 
ligation junctions. 

3) VUns-HIVnre gflg-prf/RRE/IRES/REVrw/o 
mvristovlation) : This vector is prepared exactly as vector 1 above 
except that the PCR sense oligomer used was 5-GGT ACA GGA TCC 
ACC ATG GCT GCG AGA GCG TCA GTA TTA AGC-3 1 , SEQ.ID:42. 

4) VUns-HIVT TTR gflg/RRE/IRES/REV : This vector is 
prepared exactly as vector 1 above except that the PCR anti sense 
oligomer used was 5-CCA CAT GGA TCC GCC CGG GCC TTT ATT 
GTG ACG AGG GGT CGT TGC-3', SEQ.ID:43. 

5) VlJns-HIVT Tm ggg/RRE/IRES/RRV fSDV This vector 
is prepared exactly as vector 4 above except that the PCR sense 
oligomer used was 5-GGT ACA GGA TCC CCG CAC GGC AAG 
AGG CGA GGG-3', SEQ.ID:44. 

6^ VlJns-HIVT JTP gflg/RRE/IRES/REV fw/o 
myristoylation) : This vector is prepared exactly like vector 5 except 
that the PCR sense oligomer used was 5-GGT ACA GGA TCC ACC 
ATG GCT GCG AGA GCG TCA GTA TTA AGC-3\ SEQ.ID:45. 

B. VlJns-HIV nef : This vector uses a nef gene from a 
viral strain representative of those in the infected population using sense 
and antisense PCR oligomers analogous to those used for SIV nef 

C pGEM-3-X-IRES-B7: (where X = any antigenic gene) 
As an example of a dicistronic vaccine construct which provides 
coordinate expression of a gene encoding an immunogen and a gene 
encoding an immunostimulatory protein, the murine B7 gene was PCR 
amplified from the B lymphoma cell line CHI (obtained from the 
ATCC). B7 is a member of a family of proteins which provide essential 
costimulation T cell activation by antigen in the context of major 
histocompatibility complexes I and EL CHI cells provide a good source 
of B7 mRNA because they have the phenotype of being constitutively 
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activated and B7 is expressed primarily by activated antigen presenting 
cells such as B cells and macrophages. These cells were further 
stimulated in vitro using cAMP or IL-4 and mRNA prepared using 
standard guanidinium thiocyanate procedures. cDNA synthesis was 

5 performed using this mRNA using the GeneAmp RNA PCR kit (Perkin 
-Elmer Cetus) and a priming oligomer (5'-GTA CCT CAT GAG CCA 
CAT AAT ACC ATG-3', SEQ.ID:46:) specific for B7 located 
downstream of the B 7 translational open reading frame. B7 was 
amplified by PCR using the following sense and antisense PCR 

10 oligomers: 5-GGT ACA AGA TCT ACC ATG GCT TGC AAT TGT 
CAG TTG ATG C-3', SEQ.ED:47:, and 5-CCA CAT AGA TCT CCA 
TGG GAA CTA AAG GAA GAC GGT CTG TTC-3', 
SEQ.ID:48:, respectively. These oligomers provide Bglll restriction 
enzyme sites at the ends of the insert as well as a Kozak translation 

15 initiation sequence containing an Ncol restriction site and an additional 
Ncol site located immediately prior to the 3'-terminal BglD site. Ncol 
digestion yielded a fragment suitable for cloning into pGEM-3-IRES 
which had been digested with Ncol. The resulting vector, pGEM-3- 
IRES-B7, contains an IRES-B7 cassette which can easily be transferred 

20 to VUns-X, where X represents an antigen-encoding gene. 

D. pGEM-3-X-rRES-GM-CSF : (where X = any antigenic 
gene) This vector contains a cassette analogous to that described in item 
C above except that the gene for the immunostimulatory cytokine, GM- 
25 CSF, is used rather than B7. GM-CSF is a macrophage differentiation 
and stimulation cytokine which has been shown to elicit potent anti- 
tumor T cell activities in vivo [G. Dranoff et al., Proc. Natl. Acad. Sci. 
USA, 90, 3539(1993). 

30 E. pfiFM-3-X-TRES-IL-12 : (where X = any antigenic 

gene) This vector contains a cassette analogous to that described in item 
C above except that the gene for the immunostimulatory cytokine, IL- 
12, is used rather than B7. IL-12 has been demonstrated to have an 
influential role in shifting immune responses towards cellular, T cell- 
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dominated pathways as opposed to humoral responses [L. Alfonso et al., 
Science, 263, 235, 1994]. 

F. VUns-HIVv pp 160/TRES/revTTm (SD) : This vector is 
5 analogous to the one described in LB. above except that gpl60 genes 

derived from various clinical strains are used rather than gpl60 derived 
from laboratory strain IIIB. 

Ct. VUns-PR8/34/HA-TRES-SrVp28 gag 
10 This construct provides an influenza hemagglutination gene 

(HA) in concert with the SIV p28 gag gene for coordinate expression 
via the IRES element. The PR8/34/HA gene was amplified by PCR 
using the following sense and antisense oligomers: 5'-GGT AC A AG A 
TCT ACC ATG AAG GCA AAC CTA CTG GTC CTG-3', 
15 SE0-ID:49:, and 5 -CCA CAT AGA TCT GAT ATC CTA ATC TCA 
GAT GCA TAT TCT GCA CTG C-3\ SEQ.ID:50:, respectively. The 
resulting DNA segment has Bglll restriction enzyme sites at either end 
and an EcoRV site at the 3'-terminus. After Bglll digestion this gene 
was cloned into VUns which had been digested with Bglll followed by 

20 

alkaline phosphatase treatment. SIV p28 gag was excised from V1J-SIV 
p28 gag by Ncol and Bglll digestion. pGEM-IRES was digested with 
Ncol and BamHI for directional ligation with p28 gag/NcoI/Bglll. The 
IRES-p28 gag cassette is removed by restriction digestion with Smal 
and Hindll and ligated into the EcoRV site of VlJns-A/PR8/HA. In 

25 

vivo coordinate expression of these genes allows generation of potent 
antibody responses by PNV vaccination (HA), with requisite T cell help, 
which provides such help in a local environment to potentiate the CTL 
response of the second gene product (SIV p28 gag). This construct also 
demonstrates the ability to use the PNV and method of this invention to 

30 

generate immune responses against multiple antigens whether or not 
related to HIV. Those skilled in the art will appreciate that this type of 
construct could be mixed with other, bi- or tri-cistronic constructs to 
produce a multivalent combination polynucleotide vaccine. 
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H. VlJns-tPA-gpl60n m /IRES/SIV p28 gag : VUns-tPA- 
gp!60niB was digested with EcoRV, treated with calf intestinal alkaline 
phosphatased, and ligated with IRES-SIV p28 gag which had been 
removed from pGEM-3-IRES-SIV p28 by restriction enzyme digestion 
using Smal and HindIL In vivo coordinate expression of these genes 
allows coupling a protein which generates strong helper T cell responses 
(gpl60) to one which provides Class I MHC-associated CTL epitopes 
(SIV p28 gag). This vaccine is designed for immunization of rhesus 
monkeys for generation of anti-em ? neutralizing antibodies and CTL as 
well as anti-SIV gag CTL. These monkeys are subsequently challenged 
with appropriate SHIV viral challenges [see J. Li et al., J. A.I.D.S. 5, 
639-646 (1992)]. 

I. VlJns-tPA-gpl20T TT R/IRES/SIVp28 gqg : This vector 
is constructed exactly as VI Jns4PA-gpl60Tn R /IRES/SIV P 28 2(12 
except that VUns-tPA-gpl20lIIB is used in place of the gpl60 gene. 
Vaccination and SHIV challenge are conducted as described above. 

J. VUns-tPA-gpl20T Tre /IRES/HIV ggg /IRES/n?v : This 
vector is similar to those described above except that a tricistron 
provides gag and rev expression in addition to gpl20. 

K. VUns-tPA-gpl60T TTR /IRES/HIV gas /IRES /rev : This 
vector is similar to those described above except that a tricistron 
provides gag and rev expression in addition to gpl60. 

EXAMPLE 6 

ASSAY FOR HTV CYTOTOXIC T-LYMPHOCYTES: 

The methods described in this section illustrate the assay as 
used for vaccinated mice. An essentially similar assay can be used with 
primates except that autologous B cell lines must be established for use 
as target cells for each animal. This can be accomplished for humans 
using the Epstein-Barr virus and for rhesus monkey using the herpes B 
virus. 



19188Y 



10 



15 



20 



25 



30 



- 65 



Peripheral blood mononuclear cells (PBMC) are derived 
from either freshly drawn blood or spleen using Ficoll-Hypaque 
centrifugation to separate erythrocytes from white blood cells. For 
mice, lymph nodes may be used as well. Effecter CTLs may be 
prepared from the PBMC either by in vitro culture in JL-2 (20 U/ml) 
and concanavalin A (2(ig/ml) for 6-12 days or by using specific antigen 
using an equal number of irradiated antigen presenting cells. Specific 
antigen can consist of either synthetic peptides (9-15 amino acids 
usually) that are known epitopes for CTL recognition for the MHC 
haplotype of the animals used, or vaccinia virus constructs engineered to 
express appropriate antigen. Target cells may be either syngenic or 
MHC haplotype-matched cell lines which have been treated to present 
appropriate antigen as described for in vitro stimulation of the CTLs. 
For Balb/c mice the PI 8 peptide 

(ArglleHislleGlyProGlyArgAlaPheTyrThrThrLysAsn, SEQ.ID:51:, for 
HIV MN strain) can be used at 10 |iM concentration to restimulate CTL 
in vitro using irradiated syngenic splenocytes and can be used to 
sensitize target cells during the cytotoxicity assay at 1-10 |iM by 
incubation at 37°C for about two hours prior to the assay. For these 
H-2<3 MHC haplotype mice, the murine mastocytoma cell line, P815, 
provides good target cells. Antigen-sensitized target cells are loaded 
with Na51Cr04, which is released from the interior of the target cells 
upon killing by CTL, by incubation of targets for 1-2 hours at 37°C 
(0,2 mCi for -5 x 10^ cells) followed by several washings of the target 
cells. CTL populations are mixed with target cells at varying ratios of 
effectors to targets such as 100:1, 50:1, 25:1, etc., pelleted together, and 
incubated 4-6 hours at 37°C before harvest of the supernatants which 
are then assayed for release of radioactivity using a gamma counter. 
Cytotoxicity is calculated as a percentage of total releasable counts from 
the target cells (obtained using 0.2% Triton X-100 treatment) from 
which spontaneous release from target cells has been subtracted. 
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FX AMPLE 7 
ASSAY FOR HIV SPECIFIC ANTIBODIES: 

ELISAs were designed to detect antibodies generated 
against HIV using either specific recombinant protein or synthetic 
peptides as substrate antigens. 96 well microtiter plates were coated at 
40C overnight with recombinant antigen at 2 U-g/ml in PBS (phosphate 
buffered saline) solution using 50 ^il/well on a rocking platform. 
Antigens consisted of either recombinant protein (gpl20, rev: Repligen 
Corp.; gpl60, gp41: American Bio-Technologies, Inc.) or synthetic 
peptide (V3 peptide corresponding to virus isolate sequences from IIIB, 
etc.: American Bio-Technologies, Inc.; gp41 epitope for monoclonal 
antibody 2F5). Plates were rinsed four times using wash buffer 
(PBS/0.05% Tween 20) followed by addition of 200ul/well of blocking 
buffer (1% Carnation milk solution in PBS/0.05% Tween-20) for 1 hr 
at room temperature with rocking. Pre-sera and immune sera were 
diluted in blocking buffer at the desired range of dilutions and 100 ul 
added per well. Plates were incubated for 1 hr at room temperature 
with rocking and then washed four times with wash buffer. Secondary 
antibodies conjugated with horse radish peroxidase, (anti-rhesus Ig, 
Southern Biotechnology Associates; anti- mouse and anti-rabbit Igs, 
Jackson Immuno Research) diluted 1:2000 in blocking buffer, were then 
added to each sample at 100 |il/well and incubated 1 hr at room 
temperature with rocking. Plates were washed 4 times with wash buffer 
and then developed by addition of 100 |xl/well of an o-phenylenediamine 
(o-PD, Calbiochem) solution at 1 mg/ml in 100 mM citrate buffer at pH 
4.5. Plates were read for absorbance at 450 nm both kinetically (first 
ten minutes of reaction) and at 10 and 30 minute endpoints (Thermo- 
max microplate reader, Molecular Devices). 

EXAMPLE 8 
ASSAY FOR HIV NEUTRALIZING ANTIBODIES: 

In vitro neutralization of HTV isolates assays using sera 
derived from vaccinated animals was performed as follows. Test sera 
and pre-immune sera were heat inactivated at 56°c for 60 min before 
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use. A titrated amount of HIV-1 was added in 1:2 serial dilutions of test 
sera and incubated 60 min at room temperature before addition to 10 
MT-4 human lymphoid cells in 96 well microliter plates. The virus/cell 
mixtures were incubated for 7 days at 370C and assayed for virus- 
mediated killing of cells by staining cultures with tetrazolium dye. 
Neutralization of virus is observed by prevention of virus-mediated cell 
death. 

FX AMPLE 9 

PROTECTION OF CHIMP ANZF.KS UP O N CHALLENGE WITH 

VTPIH ENT HIV-1: 

The only animal HIV challenge model to date is with 
chimpanzees. While chimpanzees do not develop HTV-related 
immunodeficiency disease they can be infected with some HIV viral 
isolates. The most common strain used to date in this model is the IHB 
strain (BH10) although challenge stocks for other isolates are being 
developed, e.g., for SF2. We envision vaccination of chimpanzees in an 
analogous manner to vaccination in other nonhuman primates using HIV 
env and gag-pol constructs derived from the HIV-1 TUB strain (HXB2 
clone) as described within this document to achieve anti-HTV humoral 
and cellular responses. While the BH10 challenge virus for 
chimpanzees is HIB derived as are our vaccination construct genes, 
there is heterogeneity within this virus so that HXB2 is only one of at 
least three variations of IHB present in the viral inoculum. Thus, the 
IHB challenge experiment of HXB2 gene vaccinated monkeys is not 

completely homologous. 

We are vaccinating chimpanzees 3-5 rounds with 
polynucleotide HTV gene vaccines with doses of 0.1-3 mg of 
plasmid/round. After characterization of vaccine-induced humoral and 
CTL anti-HTV responses these monkeys are challenged with 10 to 140 
CID50 (50% chimpanzee infectious dose) by an intravenous 
administration of HIV-lmB inoculum diluted 1:25 in physiologic saline 
just prior to use. Infection of chimpanzees is monitored by detection of 
HIV-1 virus specific DNA sequences using DNA derived from PBMC 
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obtained from test chimpanzees, (see Example 10 for details). Vaccine- 
mediated protection can be described as a range of responses to 
challenge virus from complete sterilizing immunity (inability to detect 
virus post infection) to significant reductions and/or delay in viremia 
induced by the challenge stock. While sterilizing immunity is clearly the 
most preferred response to vaccination, reduced or delayed viremia 
may significantly influence onset of immunodeficiency disease in human 
vaccinees. 

FX AMPLE 10 

TSOT ATION OF GENES FROM CLINIC A I HTV ISOLATES: 

HIV viral genes were cloned from infected PBMC's which 
had been activated by ConA treatment. The preferred method for 
obtaining the viral genes was by PCR amplification from infected 
cellular genome using specific oligomers flanking the desired genes. A 
second method for obtaining viral genes was by purification of viral 
RNA from the supernatants of infected cells and preparing cDNA from 
this material with subsequent PCR. This method was very analogous to 
that described above for cloning of the murine B7 gene except for the 
PCR oligomers used and random hexamers used to make cDNA rather 
than specific priming oligomers. 

Genomic DNA was purified from infected cell pellets by 
lysis in STE solution (10 mM NaCl, 10 mM EDTA, 10 mM Tris-HCl, 
pH 8.0) to which Proteinase K and SDS were added to 0.1 mg/ml and 
0.5% final concentrations, respectively. This mixture was incubated 
overnight at 56°C and extracted with 0.5 volumes of 
phenol:chloroform:isoamyl alcohol (25:24:1). The aqueous phase was 
then precipitated by addition of sodium acetate to 0.3 M final 
concentration and two volumes of cold ethanol. After pelleting the 
DNA from solution the DNA was resuspended in 0.1X TE solution (IX 
TE = 10 mM Tris-HCl, pH 8.0, 1 mM EDTA). At this point SDS was 
added to 0.1 % with 2 U of RNAse A with incubation for 30 minutes at 
370C. This solution was extracted with phenol/chloroform/isoamyl 
alcohol and then precipitated with ethanol as before. DNA was 
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suspended in 0. 1 X TE and quantitated by measuring its ultraviolet 
absorbance at 260 nm. Samples were stored at -20°C until used for 
PCR. 

PCR was performed using the Perkin-Elmer Cetus kit and 
5 procedure using the following sense and antisense oligomers for gpl60: 
5-GA AAG AGC AGA AGA CAG TGG CAA TGA -3', SEQ.ID:52: 
and 5 -GGG CTT TGC TAA ATG GGT GGC AAG TGG CCC GGG C 
ATG TGG-3', SEQ.ID:53:, respectively. These oligomers add an Srfl 
site at the 3'-terminus of the resulting DNA fragment. PCR-derived 
10 segments are cloned into either the VUns or V1R vaccination vectors 
and V3 regions as well as ligation junction sites confirmed by DNA 
sequencing. 

EXAMPLE 1 1 

15 SEQUENCES ACROSS VACCINE CONSTRUCT JUNCTIONS: 

Genes were cloned according to Example 10. In each case, the junction 
sequences from the 5' promoter region (CMVintA) into the cloned gene 
was sequenced using the primer: 

CMVinta primer 5*- CTA ACA GAC TGT TCC TTT CCA TG- 3', 

20 

SEQ. ID:54:, which generates the sequence of the coding sequence. 
This is contiguous with the terminator/coding sequence, the junction of 
which is also shown. This sequence was generated using the primer: 
BGH primer 5'- GGA GTG GCA CCT TCC AGG -3\ SEQ. ID:55:, 
which generates the sequence of the non-coding strand. In every case, 

25 the sequence was checked against known sequences from GENBANK 
for cloned and sequenced genes from these or other HTV isolates. The 
position at which the junction occurs is demarcated by a 7", which does 
not represent any discontinuity in the sequence. The first "ATG" 
encountered in each sequence is the translation initiation codon for the 

30 respective cloned gene. Each sequence provided represents a complete, 
available, expressible DNA construct for the designated HTV gene. The 
nomenclature follows the convention: "Vector name-HIV strain-gene". 
The biological efficacy of each of these constructs is shown in the same 
manner as in the foregoing Examples: 
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SEQUENCE ACROSS THE 5' JUNCTIONS OF CMVintA AND THE 
HIV GENES AND ACROSS THE 3' JUNCTIONS OF THE HIV 
GENES AND THE BGH TERMINATOR EXPRESSION 
5 CONSTRUCTS, USING DIFFERENT HIV STRAINS AND 
PROTEINS: 

l VUns-revmBi 

SEQ.ID:56: 

1 ° 5-GG A GAC AGC G ACG AA GAC CTC CTC AAG GCA GTC AG A CTC ATC AAG-3' 
rev.... 

(Sequence begins at the 5'- terminus within the PCR oligomer. See #7 below 
for complete rev 5'- terminus sequence) 

15 SEQ.ID:57: 

5-GAT GGC TGG CAA CTA GAA GGC ACA GCA GAT CT/ GAT ATC GCA CTA 
BGH rev... 

TTC TTT AGC TCC TGA CTC CAA TAT TGT-3' 

20 

2. V1.lns-gDl60TTIR: 

SEQ.ID:58: 

5-CTT AGA TC/ A ACC ATG AGA GTG AAG GA GAA ATA TCA GCA CTT GTG 
25 CMVinta gpl60 

GAG ATG GGG GTG GAG ATG GGG CAC CAT GCT CCT TGG GAT GTT GAT GAT 
CTG TAG TGC TAC AGA AAA ATT GTG GGT-3' 

30 

SEQ.ID:59: 

5 -CTG GCA ACT AGA AGG CAC AGC AGA TC/ A GAT AGT GTC CCC ATC TTA 
BGH gpl60 

TAG CAA AAT CCT TTC CAA GCC CTG TCT TAT TCT-3' 
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3. pGEM-3-IRES : [sequenced using SP6 (5'-GAT TTA GGT GAC ACT 
ATA G-3', SEQ.ID:60:) and T7 (5 -TAA TAC GAC TCA CTA TAG GG-3', 
SEQ.ID:61:) primers, Promega Biotech] 

SEQ.ID:62: 

5 -CAT GCC TGC AGG TCG ACT CTA/ AAT TCC G... 
pGEM-3 (SP6) IRES 

SEQ.ID:63: 

5 -A CCC GGG GAT CCT CT/ A GCG CGC TTG TCT CTT GTT CCA... 
pGEM-3 (T7) IRES 

4. pGEM-3-IRES/revj| [p: [sequenced using T7 sequencing primer 
(Promega) for rev 3'-end, and] IRES 3 - oligomer (5'-GG GAC GTG GTT 
TTC C-3', SEQ.ID:64:) for IRES/rev junction] 

SEQ.ID:65: 

5 -TAT GGC CAC AAC C/ AT GGC AGG AAG AAG CGG AGA CAG CGA CGA AGA 

IRES rev 
CCT CCT CAA GGC AGT CAG ACT -3' 

SEQ.ID:66: 

5-CTC GAG CCA TGG GCC CCT/ AGA CTA TAG CGT GAT AAG AAA TCG AGG 
pGEM-3 rev 

ACT GAG GTT ATA ACA TCC TCT AAG GTG GTT ATA AAC TCC CGA AGG-3' 

5. pGEM-3-RRE/IRES/rgy|| [p: [using SP6 sequencing oligomer 
(Promega) and IRES 5'- oligomer, 5 -G CTT CGG CCA GTA ACG-3', 
SEQ.ID:67:] 

SEQ.ID:68: 

5 -TTG CAT GCC TGC AGG T/ GGT ACA TGA TCA GAT ATC G CCC GGG / C 
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pGEM-3 RRE 

CGA GAT CTT CAG ACT TGG AGG AGG AGA TAT GAG GGA CAA TTG GAG-3' 
IRES-5' 

SEQ.ID:69: 

5 -GGG GCG G AA TT/ T AGA GTC A/ ATT GAT CAG CTT GTG TAA TTG TTA 

RRE-3' 

ATT TCT CTG TCC CAC TCC ATC CAG GTC GTG TGA TTC...-3" 

6. VUns-f tat/rev SD) : [used for VI Jns-gpl60lHB/IRES/rcvHIB (SD) and 
VlJns-gpl60lIIB(SD); sequenced using an oligomer complementary to 
gp!60 reading towards 5'-end of gpl60 and into CMVintA: 5-CCA 
TCT CCA CAA GTG CTG-3\ SEQ.ID:70:] 

SEQ.ID:71: 

5 -AGA TCT A AGG ACG GTG ACT GCA / TGT ACT ACT TAC TGC TTT GAT 
CMVintA tat/rev SD 

AGA GGA CGG TGA / CTG CAG AAA AGA CCC ATG GAA A-3' 

CMVintA 

7. yi.lp^-ppl^OiTiP/IRES/r^vTTiR (ST>): [gpl60/IRES junction 
sequenced using IRES 5'- oligomer, 5 -G CTT CGG CCA GTA ACG-3'. 
SEQ.BD:72:] 

SEQ.ID:73: 

5-GGC ACA GCA GAT C/ AG ATG GGG ATC TGA TA TCG CAC TAT TCT TTA 
BGH rev 

GCT CCT GAC TCC TGA CTC-3' 

SEQ.ID:74: 
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5-GGA ATT/ TGA GTC ATC / CCC ATC TTA TAG CAA AAT CCT TTC CAA -3' 
IRES gpl60 

8. V1Jns-gflP-nr/ynp (SPY. 
SEQ.ID:75: 

5 -CTT AGA TC/ C CCG CAC GGC AAG AGG CGA GGG GCG GCG ACT GGT-3' 
CMVintA gag (SD) 

10 SEQ.ID:76: 

5-GGC ACA GCA GAT CI CGC CCG GGC TTA CAT CTC TGT ACA AAT TTC TAC 
BGH prt 



5 



15 



30 



TAA TGC TTT TAT TTT TCT TCT GTC...-3' 
9. Vl.lns-gflg-prnilB : 



SEQ.JJD.77: 

5 -CTT AGA TC/ CAC CAT GGG TGC GAG AGC GTC AGT ATT AA GCG GGG 
20 CMVintA gag 

GGA GAA TTA GAT CGA TGG GAA AAA ATT...-3' 

SEQ.ID:78: 

25 5-GGC ACA GCA GAT C/ CGC CCG GGC TTA CAT CTC TGT ACA AAT TTC TAC 
BGH prt 

TAA TGC TTT TAT TTT TCT TCT GTC. .-3' 



10. Vl.lns-tPA : 

SEQ.ID:79: 

5 -TCA CCG TCC TTA GAT CI ACC ATG GAT GCA ATG AAG AGA GGG CTC TGC 
CMVintA tPA leader 
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TGT GTG CTG CTG CTG TGT GGA GCA GTC TTC GTT TCG CCC AGC GAJ G ATC 
BGH 

TGC TGT GCC TTC TAG TTG CCA GCC-3' 
11. V1Tns-tPA- g n120 M jSI: 

SEQ.ID:80: 

5 -TTC GTT TCG CCC AGC GAJ TCA CAG AAA AAT TGT GGG TCA CAG TC-3" 
tPA gpl20MN 

SEQ.ID:81: 

5-GGC ACA GCA GAT CI CAC GTG TTA GCG CTT TTC TCT CTC CAC CAC-3' 
BGH gpl20MN 



12. V1l-SlVMAr^i n28 eae 
20 

SEQ.ID:82: 

5-TCA CCG TCC TTA GAT CT/ ACC ATG GGA CCA GTA CAA CAA ATA GGT 

CMVintA p28 gag... 

GGT AAC TAT GTC CAC CTG CCA TTA AGC CCG AGA ACA-3' 

25 

SEQ.ID:83: 

5 -GGC ACA GCA GAT CT/ TTA CAT TAA TCT AGC CTT CTG TCC CGG TCC-3' 
BGH p28 gag 

30 13. V1.I-SIVM Arm Wg f 



SEQ.ID:84: 

5 -TCA CCG TCC TTA GAT CI GGT ACA ACC ATG GGT GGA GCT ATT TCC ATG 
CMVintA nef 
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AGG CAA TCC AAG CCG GCT GGA GAT CTG ACA GAA A-3' 
SEQ.ID:85: 

5-GGC ACA GCA GAT CA/ C CTA GGT TAG CCT TCT TCT A AC CTC TTC CTC 
5 BGH nef.... 

TG A CAG GCC TGA CTT GCT TCC AAC TCT TCT GGG TAT CTA G-3' 

14. WAws-tatlrevlenv . 

10 SEQ.ID:86: 

5-ACC GTC CTT AG A T/ TC GAC ATA GCA GAA TAG GCG TTA CTC GAC AGA 
CM Vint A tatlrevlenv 

GGA GAG CAA GAA ATG GAG CCA GTA GAT CCT AGA CTA GAG CCC TGG-3' 

15 

SEQ.ID:87: 

5 -GGC ACA GCA GAT CI C GAG ATG CTG CTC CCA CCC CAT CTG CTG-3' 
BGH tatlrevlenv 

20 EXAMPLE 12 

T CELL PROLIFERATION ASSAYS : 

PBMCs can be obtained as described in Example 6 from 
above and tested for recall responses to specific antigen as determined 
by proliferation within the PBMC population. Proliferation is 

25 monitored using ^H-thymidine which is added to the cell cultures for 
the last 18-24 hours of incubation before harvest. Cell harvesters retain 
isotope-containing DNA on filters if proliferation has occurred while 
quiescent cells do not incorporate the isotope which is not retained on 
the filter in free form. For either rodent or primate species 4 X 10^ 

30 cells are plated in 96 well microtiter plates in a total of 200 \i\ of 
complete media (RPMI/10% fetal calf serum). Background 
proliferation responses are determined using PBMCs and media alone 
while nonspecific responses are generated by using lectins such as 
phytohaemagglutin (PHA) or concanavalin A (Con A) at 1- 5 (ig/ml 
concentrations to serve as a positive control. Specific antigen consists of 
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either known peptide epitopes, purified protein, or inactivated virus. 
Antigen concentrations range from 1-10 |iM for peptides and 1-10 
Hg/ml for protein. Lectin-induced proliferation peaks at 3-5 days of 
celJ culture incubation while antigen-specific responses peak at 5-7 days. 
Specific proliferation occurs when radiation counts are obtained which 
are at Jeast three-fold over the media background and is often given as a 
ratio to background, or Stimulation Index (SI). HIV gpl60 is known to 
contain several peptides known to cause T cell proliferation of 
gp]60/gpl20 immunized or HIV-infected individuals. The most 
commonly used of these are: Tl 

(LysGlnllelleAsnMetTrpGlnGluValGlyLysAlaMetTyrAla, 
SEQ.ID:88:); T2 (HisGluAspIlelleSerLeuTrpAspGlnSerLeuLys, 
SEQ.ID:89:); and, TH4 

(AspArgValUeGluValValGlnGlyAalTyrArgAlalleArg, SEQ.ID:90:). 
These peptides have been demonstrated to stimulate proliferation of 
PBMC from antigen-sensitized mice, nonhuman primates, and humans. 



20 



25 



REFERENCES : 

L. Arthur et ah, J. Virol. 63, 5046 (1989). [chimp/HIV challenge 

model/virus neut. assay] 
T. Maniatis et al., Molec. cloning: a lab. manual, p. 280 Cold Spring 
Harbor 

Lab., CSH, NY (1982) [genomic DNA purif.] 
E. Emini et al., J. Virol. 64, 3674 (1990) [chimp challenge, neut assay] 



EXAMPLE 13 

Vector V1R Preparation 

In an effort to continue to optimize our basic vaccination 
vector, we prepared a derivative of VI Jns which was designated as 
VI R. The purpose for this vector construction was to obtain a 
minimum-sized vaccine vector, i.e., without unnecessary DNA 
sequences, which still retained the overall optimized heterologous gene 
expression characteristics and high plasmid yields that VI J and VI Jns 
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afford. We determined from the literature as well as by experiment 
that (1) regions within the pUC backbone comprising the E. coli origin 
of replication could be removed without affecting plasmid yield from 
bacteria; (2) the 3 '-region of the kan T gene following the kanamycin 
open reading frame could be removed if a bacterial terminator was 
inserted in its stead; and, (3) -300 bp from the 3'- half of the BGH 
terminator could be removed without affecting its regulatory function 
(following the original Kpnl restriction enzyme site within the BGH 
element). 

V1R was constructed by using PCR to synthesize three 
segments of DNA from VUns representing the CMVintA 
promoter/BGH terminator, origin of replication, and kanamycin 
resistance elements, respectively. Restriction enzymes unique for each 
segment were added to each segment end using the PCR oligomers: 
Sspl and Xhol for CMVintA/BGH; EcoRV and BamHI for the lean T 
gene; and, Bell and Sail for the oh r . These enzyme sites were chosen 
because they allow directional ligation of each of the PCR-derived DNA 
segments with subsequent loss of each site: EcoRV and Sspl leave blunt- 
ended DNAs which are compatible for ligation while BamHI and Bell 
leave complementary overhangs as do Sail and Xhol. After obtaining 
these segments by PCR each segment was digested with the appropriate 
restriction enzymes indicated above and then ligated together in a single 
reaction mixture containing all three DNA segments. The 5'-end of the 
oh r was designed to include the T2 rho independent terminator 
sequence that is normally found in this region so that it could provide 
termination information for the kanamycin resistance gene. The ligated 
product was confirmed by restriction enzyme digestion (>8 enzymes) as 
well as by DNA sequencing of the ligation junctions. DNA plasmid 
yields and heterologous expression using viral genes within VI R appear 
similar to VUns. The net reduction in vector size achieved was 1346 bp 
(VUns = 4.86 kb; V1R = 3.52 kb), see figure 11, SEQ.ID:45:. 

PCR oligomer sequences used to synthesize V1R (restriction enzyme 
sites are underlined and identified in brackets following sequence): 
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(1 ) 5'-GGT ACA AAT ATT GG CTA TTG GCC ATT GCA TAC G-3' [Sspl], 
SEQ.ID:91:, 

(2) 5'-CCA CAT CTC GAG GAA CCG GGT CAA TTC TTC AGC ACC-3' [Xhol], 
SEQ.ID:92: 

(for CMVintA/BGH segment) 

(3) 5'-GGT ACA GAT ATC GGA AAG CCA CGT TGT GTC TCA AAA TC- 
3'[EcoRV], SEQ.ID.93: 

(4) 5--CCA CAT GGA TCC G TAA TGC TCT GCC AGT GTT ACA ACC-3' 
[BamHI], SEQ.ID:94: 

(tor kanamycin resistance gene segment) 

(5) 5'-GGT ACA TGA TCA CGT AGA AAA GAT CAA AGG ATC TTC TTG- 
3'[Bcll], SEQ.ID:95:, 

(6) 5'-CCA CAT GTC GAC CC GTA AAA AGG CCG CGT TGC TGG-3' [Sail], 

SEQ.ID:96: 

(for E. coli origin of replication) 

Ligation junctions were sequenced for V1R using the following 
oligomers: 

5'-GAG CCA ATA TAA ATG TAC-3', SEQ.ID:97: [CMVintA/kanr 

iUnCt 5'?CAA TAG CAG GCA TGC-3', SEQ.ID:98: [BGH/ori junction] 

5'-G CAA GCA GCA GAT TAC-3', SEQ.ID:99: [ori/kan r junction] 

FX AMPLE 14 
The HIV genes which appear to be the most important for 
PNV development are env and gag. Both env and gag require the HIV 
regulatory protein, rev, for either viral or heterologous expression. 
Because efficient expression of these gene products is essential for PNV 
function, two types of vectors, rev-dependent and rev -independent, 
were tested for vaccination purposes. Unless stated otherwise, all genes 
were derived from the HTV-1 (HIB) laboratory isolate. 
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A. env : Depending upon how large a gene segment is used, varying 
efficiencies of rev-independent envy expression may be achieved by 
replacing the native leader peptide of env with the leader peptide from 
the tissue-specific plasminogen activator (tPA) gene and expressing the 

* resulting chimeric gene behind the CMV promoter with the CMV 

intronA. V 1 Jns-tPA-gpl 20 is an example of a secreted gp 1 20 vector 
constructed in this fashion which functions to yield anti-gpl20 immune 
responses in vaccinated mice and monkeys. 

Published reports indicate that membrane-anchored 

L0 proteins may induce a more substantial antibody responses compared to 
secreted proteins. Membrane-anchored proteins may also induce 
antibody responses to additional immune epitopes. To test this 
hypothesis, VlJns-tPA-gpl60 and VUns-rev/env were prepared. The 
tPA-gpl60 vector produced detectable quantities of gpl60 and gpl20, 

15 without the addition of rev, as shown by immunoblot analysis of RD 
cells transfected in vitro , although expression was much lower than that 
obtained for rev/env, a rev-dependent gpl60-expressing plasmid. This 
may be due to the presence of inhibitory regions, which confer rev 
dependence upon the gp 160 transcript occur at multiple sites within 

20 gp 1 60 including at the COOH-terminus of gp4 1 . 

Vectors containing truncated forms of tPA-gpl60, tPA- 
gpl43 and tPA-gpl50, designed to increase the overall expression of 
env by elimination of these inhibitory sequences, were prepared. The 
truncated gpl60 vectors lack intracellular gp41 regions containing 

25 peptide motifs (such as leu-leu) which are known to cause diversion of 
membrane proteins to the lysosomes rather than the cell surface. Thus, 
gpl43 and gpl50 may be expected to increase the transport of protein to 
the cell surface compared to full-length gpl60 where these proteins may 
be better able to elicit anti-gpl60 antibodies following DNA 

30 . . 

vaccination. 

A quantitative ELISA for gpl60/gpl20 expression in cell 
transfectants was developed to determine the relative expression 
capabilities for these vectors as well as for an additional vector which 
combines the features of tPA-gpl60 and rev/env (vector rev/tPA- 
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gpl60). In vitro transfection of 293 cells followed by quantitation of 
cell-associated vs. secreted/released gpl20 yielded the following results: 

(J ) for the analogous plasmid pair, rev/env and rev/tPA- 
gpl60, substitution of the native leader peptide in gpl 60 with the tPA 
leader sequence did not increase the total expression of gpl 60 or the 
amount of released gpl 20. This suggests that the leader peptide is not 
responsible for inefficient trafficking of gpl 60 to the cell surface in 
these cells. 

(2) tPA-gpl60 expresses 5-1 OX less gpl 60 than rev/env 
with similar proportions retained intracellularly vs. trafficked to the 
cell surface. 

(3) tPA-gpl43 gave 3-6X greater secretion of gpl 20 than 
rev/env with only low levels of cell-associated gpl 43 confirming that 
the cytoplasmic tail of gpl 60 causes intracellular retention of gpl 60 
which can be overcome by partial deletion of this sequence. 

(4) tPA-gpl50 gave only low levels of gpl 60 in both cells 
and media, indicating either a problem with this construct or inherent 
instability of the truncated protein. 

tPA-gpl20 derived from a primary HIV isolate (containing 
the North American consensus V3 peptide loop; macrophage tropic and 
nonsyncytia-inducing phenotypes) gave high expression/secretion of 
gpl 20 with transfected 293 cells demonstrating that it was cloned in a 
functional form. 

EXAMPLE 15 

Serological Assays 

A. Antibody Responses: 

1. g P 120PNVs 

An ID vs. IM vaccination experiment in mice was 
completed using VUns-tPA-gpl20 (100, 10, 1 [ig: 3X). ID vaccination 
appeared superior at the lower doses following initial rounds but all 
doses were equivalent after three rounds. 

Rhesus monkeys (RHM) and African green monkeys 
(AGM) were vaccinated with the VUns-tPA-gpl20 (MN) PNV. Peak 
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GMTs for gpl20 antibodies differed by more than five-fold between 
these two primate species: 1780 (AGM) and 310 (RHM). These results 
indicate that substantially larger antibody titers can be elicited in AGM 
compared to RHM and suggest that higher HIV neutralization titers may 
be obtained by AGM vaccination. 

2. gp!60 PNVs : VUns-rev/env vaccination (IM) of mice 
did not yield antibodies to gpl60 until three injections while ID 
vaccination yielded responses after one round which remained higher 
than those produced by IM throughout the experiment (GMTs = 2115 
(ID) and 95 (IM); 200 ^g/mouse). This suggests that rev-dependent 
constructs can function as immunogens better by the ID route. 

RHM receiving ID or IM inoculations with VUns-rev/env 
showed peak GMTs = 790 and 140, respectively, following 4-5 
inoculations (2 mg/round). These results agree with those found for 
mice showing that this rev dependent PNV has greater efficacy for 
antibody generation by ID vaccination although the rev -independent 
construct V 1 Jns-tPA-gp 1 20 did not. RHM receiving tPA-gp 1 60 DN A 
(IM) showed lower, more variable antibody responses than those 
receiving rev/env which corroborate our determination that this vector 
expresses gpl60 4-7X less efficiently than rev/env. 
B. In Vitro Virus Neutralization 

An infectivity reduction neutralization assay (p24 gag 
production readout) using HrV(MN) as a virus source was performed 
by Quality Biologicals, Inc. (QBI). At low virus input (100 TCID50) 
complete neutralization was seen at 1/10 dilutions of sera for all three 
antisera with at least 80-90 % reduction in virus production observed in 
all samples up to 1/80 dilutions as compared to matched prebleed sera. 
However, at higher virus input (1000 TCID50), no neutralization was 
observed for any sample. 

RHM were tested for HTV (IIIB) neutralization (QBI), 
using 100 TCID50 of input virus, following vaccinations with tPA- 
gpl20 (IIIB) DNA. In two different experiments the best neutralization 
results were obtained at serum dilutions of 10 (40-99% reduction of p24 
gag ) with gag reduction observed in some samples at dilutions as high 
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as 80-fold. The most consistent samples in this assay had anti-gpl20 
antibody ELISA endpoint titers of at least 2000-3000. 

RHM were similarly tested for HIV (ITIB) neutralization 
(QBI) following vaccinations with rev/env DNA. Overall, low levels of 
neutralization were observed: two of three RHM showed neutralization 
ranging up to 84% at a serum dilution of 10 with p24 gag reduction 
observed at subsequent dilutions of 20 or 40 while one sample did not 
show any evidence of neutralization. These samples had anti-gpl20 
antibody ELISA titers of 700-800 indicating that this is the minimum 
useful titer range for testing sera derived from gpl60 DNA vaccine 
experiments in neutralization assays. 
C. Facilitators for Enhanced Immunity 

Several experiments were initiated to test plasmid DNA 
formulations which have been reported to enhance DNA uptake 
following vaccination and increase either reporter gene expression or 
immune responses in mouse or monkey vaccinees. Hypertonic sucrose 
(up to 20-25%, w/v) DNA solutions have been reported to give more 
uniform distribution of DNA uptake, as evidenced by reporter gene 
expression, and was used in experiments in which substantial gpl60- 
specific antibodies were elicited in rodents and nonhuman primates 
vaccinated with a rev/gpl60 plasmid. The anesthetic, bupivicaine (0.25- 
0.75%, w/v), has also been reported to significantly enhance DNA 
vaccine-mediated immune responses in mice and nonhuman primates 
when used either as a pretreatment for IM injection, or as by co- 
injection with DNA in isotonic saline solution. 

Our initial results with bupivicaine showed that substantial 
mortality was caused by IM treatment with 0.5% solutions. Mortality 
varied depending on the volume of solution used and whether the mice 
were injected while under anesthetic (> 0.1 mL w/o anesthetic gave 
highest mortality). Our experiments have used 0.25% solutions 
without significant mortality either as a pre-treatment or a co-treatment 
and using gpl20 or rev/env PNVs. A preliminary experiment using 
bupivicaine as a pre-treatment for three vaccination rounds did not 
show any enhancement of immune responses relative to control mice 
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while a larger experiment using both ID and IM sites as a pre-treatment 
or co-treatment has not shown any increased antibody levels following 
one injection and appeared to decrease antibody responses in some 
groups. Three vaccinations are planned in the current study. 

This sucrose formulation experiment tested a variety of 
conditions described in the literature. Sucrose concentration was tested 
at 10, 15, 20, and 25% in saline or PBS solution containing 0.1 mg/mL 
of tPA-gpl20 plasmid. All samples were tested as a co-injection by IM 
or ID routes except for a 25% sucrose/PBS group that received this 
solution 15-30 minutes prior to IM DN A/PBS injection. Serum data 
derived from bleeds following the first vaccination did not show any 
enhancement of antibody responses. 

EXAMPLE 16 

T Lymphocyte Responses : 

A. Proliferation and Cytokine Secretion 

T lymphocytes which have been primed in vivo with 
antigen can proliferate and secrete cytokines during in vitro cell culture 
after exogenous addition of priming antigen. Responding T cells 
usually have a MHC Class I3-restricted, CD4+ (helper) phenotype. 
Helper T cells can be functionally grouped according to the types of 
cytokines they secrete following stimulation by antigen: THl cells 
secrete primarily IL-2 and g-interferon while Th2 cells are associated 
with EL-4, IL-5, and IL-10 secretion. ThI lymphocytes and cytokines 
promote cellular immunity, including CTL and DTH responses, while 
Th2 cells and cytokines promote B cell activation for humoral 
immunity. We have previously tested for these responses in mice and 
nonhuman primates (AGM and RHM), using rgpl20niB for antigen in 
vitro , after vaccination with HTV tPA-gpl20 PNVs and shown that T 
cells from vaccinees of both species exhibit proliferative responses to 
gpl20 in vitro and that these responses are ThI -like and long-lived (> 6 
months) in mice. These studies were continued with a rev PNV. 

L mouse studies : Mice vaccinated either 3X or IX with 
200 (ig VI Jns-rev were tested for in vitro proliferation to recombinant 
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rev (r-rev) protein. Mice vaccinated 3X showed stimulation indices (SI: 
ratio of proliferation of immune cells with and without immunizing 
antigen) of 9-12 while mice receiving IX were the same as background 
(Sis = 2-3). Splenic T cells from all rev vaccinees, but not control 
mice, secreted g-interferon in response to r-rev antigen (2.4-2.8 ng/ml, 
3X; 0.4-0.7 ng/ml, IX) while no IL-4 was detected in culture 
supernatants (detection sensitivities = 47 pg/ml and 15 pg/ml for g- 
interferon and IL-4, respectively) showing these T cell responses to be 
THl-Hke in nature as we found for gpl20 DNA vaccinees. Cytokine 
secretion may be a more sensitive assay than proliferation to specific 
antigen for determining T cell memory responses. Similar results were 
found for mice tested at least six months post vaccination. Antibodies to 
rev were not detected in any vaccinee sera as may be expected for this 
intracellular protein. 

2. Monkey Studies : Three RHM showed strong in vitro T 
cell proliferation ( Sis = 9-30) to r-rev following two vaccinations with 
VUns-rev. No anti-rev antibodies were detected in any monkeys. 
These results corroborate the above mouse/rev experiments and confirm 
that strong T cell responses can be induced by rev PNVs without 
concomitant induction of antibody responses. 

Further experiments using tPA-gpl20 DNA vaccination of 
RHM showed that (i) in vitro T cell proliferation to rgpl20 was 
obtained following one vaccination; (ii) primary responses were boosted 
following a second vaccination; and, (iii) similar proliferations were 
obtained with these vaccinees as for SHTV-infected RHM (Sis = 5-70 and 
5-35, respectively). 

B. Anti-env Cytotoxic T I .vmphocvtes 

Two of four RHM monkeys vaccinated with tPA-gpl20 
(Hvl) and gpl60/IRES/rev (ID) PNVs showed significant CTL activities 
(> 20% lysis at 10:1 E/T) against homologous target cells six weeks 
following one vaccination. Two weeks post a second vaccination all 
four monkeys showed cytotoxicities ranging from 20 -35% lysis at 20:1 
E/T. All CTL activities in this assay design were MHC Class I 
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restricted: removal of CD8+ T celJs completely removed cytotoxicities 
in all four monkeys. CTL responses waned over several months and 
were boosted to > original levels with subsequent re-vaccination. These 
CTL activities were characterized as the most potent for vaccine- 
mediated responses observed in RHM. 



